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MINUTES OF THE 93rd MEETING
ARKANSAS ACADEMY OF SCIENCE
93rd ANNUAL MEETING
SUMMARY OF BUSINESS MEETINGS
University of the Ozarks
April 4, 2009
1. The meeting was called to order by President
Joyce Hardin with 3 tiny taps of the gavel.
2. Local Arrangements Committee, 2009: Bill Doria
Registration information, campus orientation, and
meeting schedules were presented by Bill Doria.
3. Secretary’s Report: Jeff Robertson
Minutes from the 2008 November Executive
Committee Meeting were reviewed and accepted.
There are currently 100 AAS members (48 of
which are life members). This number represents
20 less regular members than last year and 20 less
than the year before.
4. Treasurer’s Report: Mostafa Hemmati
An accounting of the AAS “net worth” follows in
Appendix A.
5. Historian’s Report: Collis Geren
The AAS annual meeting this year at University of
the Ozarks will be the 93rd meeting of the AAS and
the first time ever at University of the Ozarks
(founded in 1834, UO is the oldest institution of
higher education in Arkansas).
6. Newsletter Editor’s Report: Jeff Robertson
The newsletter was sent out completely
electronically for the first time. It was distributed
to members past and present, all academic science
departments of 4-year and 2-year institutions as
well as related institutions (e.g. Arkansas Game
and Fish, US Forest Service, etc).
7. Journal Editor-In-Chief Report: Mostafa Hemmati
All papers were read for grammar and spelling at a
cost of ($800) in addition to being distributed to a
total of three separate peer reviewers. Journal
reviews, editing and payments were completed by
the end of October of 2008. Journal authors now
play an important role as the final editor for their
publication.
8. Interim Journal Managing Editor Report: Ivan Still
33 manuscripts were submitted for publication in
volume 62 (2008) of the JAAS at the Henderson
State University, an increase from the 29 submitted
in the previous year. 1 manuscript was rejected,
and 8 manuscripts were later withdrawn without
prejudice by the corresponding authors. Two
authors contacted us, having not been contacted by
the editorial staff regarding manuscripts submitted
at the Henderson State meeting. These two
manuscripts had not been forwarded to Dr.
Hemmati after the meeting, and thus had not been
processed. Such breakdown of communication
should be avoided in the future by our proposal to
adjust the manuscript submission at the annual
meeting and the complete adoption of electronic
manuscript processing. Journal publication was
completed by January 2009. PDFs of individual
Journal paper contributions will be sent to authors.
Dr. Hemmati and myself would like to pass special
thanks to assistant editor Sarah Norman for
reviewing manuscripts for spelling and grammar.
Secretary’s Report
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9. Nominations Committee: Mostafa Hemmati
Nominations were accepted for AAS Vice-
president (Marc Seigar, Kurt Grafton) and Journal
Managing Editor (Ivan Still).
10. Science Fair Association’s Report: Michael Rapp
No report
11. Arkansas Junior Academy of Science Report:
No report
2010 Meeting will be April 1 & 2 at UCA.
12. Arkansas Science Talent Search: Wil Slaton
No report
13. Arkansas Science Teachers Association: Tillman
Kennon
No Report
14. Committee Reports:
a. Biota Committee: Doug James
35 lists have been scanned and completed digitally
on CD. 15 more animal and lower plant taxa lists
are left to be completed.
Request for $500 to continue scanning, checking
and editing of biota lists.
Linking of the lists on the web to the AAS website
is also planned.
b. AAAS Representative Report: Mostafa Hemmati
Mostafa has been our representative at the
National level and funding requested to attend the
AAAS meeting. Volunteers will be solicited at the
business meeting for his replacement.
c. Development Committee: Betty Crump
Need to establish an AAS membership committee
to help with the expansion and development of the
membership.
Ben Wheeler showcased an AAS logo T-shirt for a
fundraiser. $15/shirt, $20 if shipped. Invoice for
the first 40 shirts given to the treasurer for
payment as 501c3 non-profit.
15. Business Old and New:
The 94th annual AAS meeting will be April 9-10,
2010 at UALR in Little Rock. Hosts for future
meetings will need to be solicited (UAM-2011?).
16. Action Items:
Ivan Still nominated to the position of Managing
Editor of the Journal.
Kurt Grafton nominated for Vice-president.
Need to ensure that the Journal is sent to the UArk
library each year and communication about
scanning and archiving up to date (Managing
editor’s job).
Send out AAS by-laws for review at fall 2009
Executive Committee Meeting.
AAS representative to the national AAAS meeting
needed.
Invoice reminders for membership renewals OR
AAS membership free for registration and meeting
attendance and fees required for renewal?
17. Motions:
Establish a membership committee.
AAS budget (outside of Journal costs) requested
for 2009-2010.
Pending reports from these groups, approval of
funding student awards is requested (Junior
Science and Humanities Symposium $100,
Arkansas Science Fair Association $400, Arkansas
Junior Academy of Science $250).
Increase student membership $20 and includes a
copy of the Journal.
Meeting Adjourned ~ 11:50 am
Jeff Robertson, AAS Secretary
Treasurer’s Report
ARKANSAS ACADEMY OF SCIENCE
2009 FINANCIAL STATEMENT
January 7 2010
Balance – December 28, 2009 $66,296.30
Balance – December 31, 2008 $52,841.73
__________
Net Gain $13,454.57
DISTRIBUTION OF FUNDS
Checking Account $3,760.77
Bank of the Ozarks, Russellville, AR, 12-17-09
Checking Account $500.00
Bank of America, Russellville, AR, Opened 05-13-09
Transfer from Bank of the Ozarks’ Checking
Arkansas Academy of Science
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Certificate of Deposit
Life Membership Endowment, $14,962.66
Bank of the Ozarks, Russellville, AR, 12-31-2009
Maturity Date 02-11-2010
Dwight Moore Endowment + $20,051.55
(Dwight Moore’s final balance of $6,002.73+ Short term CD’s final
balance of $4,157.77+ $9,839.50 from the Bank of the Ozarks
checking account = $20,000.)
The new CD will mature on 01-10-2011)
Phoebe and George Harp Endowment + $17,714.53
Bank of America, Russellville, AR, 12-29-09
($7601 Harp+$6515.15 CD + $3383.85 Checking) =$17500 CD,
$17,500 + $214.53 (Interest Paid) = $17,714.53, Maturity Date 11-
13-2010
Short Term CD $9,306.79
Bank of the Ozarks, Russellville, AR, 12-29-09
Matured on 2-27-09; renewed it on 3-5-09.
The new maturity date is 2-27-2010.
Combined interest on all accounts was $1,179.46
(Bank of the Ozarks interests on closed CDs, October 28, 2009,
CD6 = $73.59, CD7 = 74.41, CD4 = $85.85, CD5 = $44.71)
__________
Total $66,296.30
INCOME:
1. ANNUAL MEETING
a. Checks from Bill $4445-Membership Fees $1165- Betty’s
Contribution $55- Check made to Bill $2989.84 = $235.16
b. Check from University of the Ozarks made to AAS = $510.00
$745.16
2. GIFTS RECEIVED
a. Betty Crump $55.00
b. USDA Ouachita National Forest
Sponsorship (Betty Crump) $1,000.00
c. Contribution received from John T. $1,000.00
$2,055.00
3. INTEREST
(Interest Earned Year to Date, ~ December 28, 2009)
a. Checking Account, Bank of the Ozark 448 $5.83
b. CD1 (Bank of the Ozarks) 594 $205.27
c. CD2 (Bank of the Ozarks) 929 $423.72
d. CD3 (Bank of the Ozarks) 583 -0-
e. CD4 (Bank of the Ozarks, Closed) 436 $85.85
f. CD5 (Bank of the Ozarks, Closed) 096 $44.71
g. CD6 (Bank of the Ozarks, Closed) 427 $73.59
h. CD7 (Bank of the Ozarks, Closed) 0938 $74.41
i. Checking Account, Bank of America -0-
j. CD8, (Bank of America, Closed) …. 784 $51.55
k. CD9, (Bank of America) ….. 627 $214.53
All interests were added to the CDs $1,179.46
4. JOURNAL
b. Page Charges (Volume 63 + one 62) $9,100.00
c. Miscellaneous Sale $2,600.00
$11,700.00
5. JOURNAL CONTRIBUTION $0.00
6. MEMBERSHIP
a. Associate $30.00
c. Individual $420.00
d. Institutional $300.00
e. Life $200.00
f. Sponsoring $45.00
g. From Annual Meeting $1,165.00
h. Sustaining $35.00
$2,195.00
7. MISCELLANEOUS INCOME
(Annual meeting not included)
a. Check Ben for tee shirts $360.00
b. Checks from sale of tee Shirts $75.00
c. EBSCO Subscription Services $50.00
$485.00
__________
TOTAL INCOME $17,180.16
EXPENSES
1. STUDENT AWARDS
a. Amanda Harvey $100
b. Carissa Ganong $100
c. Helen Chang $50
d. Douglas Leasure $50
e. Douglas Leasure $100
f. Rashmi Tiwari $50
g. Komal Rasaputra $50
h. John Snider $100
i. Frederick Felizco $50
Treasurer’s Report
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j. Michael Sattler $50
k. Jeremy Lusk $100
l. Sachin Terdalkar $100
m. Norman Riggan $100
$1,000
2. AWARDS
a. Junior Science and Humanities Sym. $100
b. Arkansas State Science Fair $400
c. Arkansas Junior Academy of Science $250
d. Arkansas Science Talent Search 0
$750
3. JOURNAL
a. Journal Charges, Vol. 62 Printing Cost $2,865.00
b. Journal Mailing Cost – ATU $102.49
c. Journal Editorial Cost 0
$2,967.49
4. NEWSLETTER 0
5. MISCELLANOUS EXPENSES
a. Annual Dues, National Asso. Academies $64.10
b. AAS Tee Shirts Cost $380.00
c. Doug James’s Biota Project $500.00
$944.10
6. TRANSFER TO BA CD and BA Checking
a. [Two Bank of the Ozarks’ Matured CDs ($6515.15
+ $7601) +$3,883.85 =$18,000 =
Bank of America’s CD $17,500+ Bank of America
Checking $500] $3,883.85
b. [Two Bank of the Ozarks’ Matured CDs (Dwight
Moore $6,002.73+ Short Term $4,157.77) +
$9,839.30 from Bank of the Ozarks’ Checking =
$20,000 Bank of America CD] $9,839.30
Total Transfer to CD $13,723.15
__________
TOTAL EXPENSES $5,661.59
Arkansas Academy of Science
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COST OF JOURNAL
VOLUME COPIES PAGES PRINTER TOT. VOL. COST/ COST/
CHARGE COST COPY PAGE
35 (1981) 450 96 $3,694.68 $4,620.99 $10.27 $48.14
36 (1982) 450 110 $5,233.28 $5,291.69 $11.76 $48.11
37 (1983) 450 103 $5,326.91 $5,944.44 $13.21 $57.71
38 (1984) 450 97 $5,562.97 $6,167.72 $13.71 $63.58
39 (1985) 450 150 $7,856.20 $8,463.51 $18.81 $56.42
40 (1986) 450 98 $6,175.20 $6,675.20 $14.23 $68.11
41 (1987) 450 116 $7,122.79 $7,811.25 $17.36 $67.34
42 (1988) 450* 116 $7,210.79 $7,710.15 $17.13 $66.47
43 (1989) 450* 119 $8,057.24 $8,557.24 $19.02 $71.91
44 (1990) 450* 136 $9,298.64 $9,798.64 $21.77 $72.05
45 (1991) 450* 136 $9,397.07 $9,929.32 $22.06 $73.01
46 (1992) 450* 116 $9,478.56 $10,000.56 $22.22 $86.21
47 (1993) 400 160 $12,161.26 $12,861.26 $32.15 $80.38
48 (1994) 450 270 $17,562.46 $18,262.46 $40.58 $67.63
49 (1995) 390 199 $14,725.40 $15,425.40 $39.55 $77.51
50 (1996) 345 158 $11,950.00 $12,640.75 $36.64 $80.00
51 (1997) 350 214 $14,308.01 $15,008.01 $42.88 $70.13
52 (1998) 350 144 $12,490.59 $13,190.59 $37.69 $91.60
53 (1999) 350 160 $13,686.39 $14,386.39 $41.10 $89.91
54 (2000) 350 160 $14,149.07 $14,849.07 $42.43 $92.81
55 (2001) 360 195 $16,677.22 $17,498.22 $48.61 $89.73
56 (2002) 350 257 $18,201.93 $19,001.93 $54.29 $73.94
57 (2003) 230 229 $14,415.12 $15,715.12 $68.33 $68.62
58 (2004) 210 144 $7,875.76 $9,175.76 $43.99 $63.72
59 (2005) 215 226 $16,239.04 $17,835.84 $82.96 $78.92
60 (2006) 220 204 $11,348.06 $12,934.30 $58.79 $63.40
61 (2007) 195 150 $8,196.84 $9,914.69 $50.84 $66.10
62 (2008) 220 166 $2,865.00 $2,967.49 $13.49 $17.88
The Total Volume Cost equals the printer’s charge plus the editor, editorial assistant, and other miscellaneous charges.
 On Volume 42 the Academy received 560 copies, but the printer did not charge us for the extra 110 copies.
For comparison purposes the calculated cost/copy is based on 450 copies.
 On Volume 43 the Academy received 523 copies, but the printer did not charge us for the extra 73 copies.
For comparison purposes the calculated cost/copy is based on 450 copies.
 On Volume 44 the Academy received 535 copies, but the printer did not charge us for the extra 85 copies.
For comparison purposes the calculated cost/copy is based on 450 copies.
 On Volume 45 the Academy received 594 copies, but the printer did not charge us for the extra 144 copies.
For comparison purposes the calculated cost/copy is based on 450 copies.
 On Volume 46 the cost was greater than usual due to the high cost of a second reprinting of 54 copies by a
different printer.
Arkansas Academy of Science
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APPENDIX A
2009 AAS Presentation Award Winners
GRADUATE STUDENT AWARDS
Poster Awards
1st Place: “Distribution and Function of Girdling by
Caterpillars of Prominent Moths (Lepidoptera:
Notodontidae)” by Carissa N Ganong and David E
Dussourd, of the University of Central Arkansas.
Oral Presentation Awards
Graduate Life Sciences
1st Place: “Effect of High Temperature on Pollen-
Tube Growth and Energetics in the Cotton Pistil”
by John L Snider, Derrick M Oosterhuis, Briggs W
Skulman, Eduardo M Kawakami, and Diana K
Storch of the University of Arkansas –
Fayetteville.
2nd Place: “Proteomic Changes in Tibial Head
Cartilage of Chickens with Tibial
Dyschondoplasia, a Metabolic Skeletal Disease”
by Komal S Rasaputra, Rohana Liyanage, Jackson
O Lay, and Narayan C Rath of the University of
Arkansas – Fayetteville.
3rd Place: “Effect of Salt on Several Genotypes of
Gossypium (Cotton)” by Rashmi S Tiwari and
James M Stewart of the University of Arkansas –
Fayetteville.
Graduate Physical Sciences
1st Place: “Land Use/Land Cover Classification
Project: A Comparison of Pixel-Based versus
Object-Based Methodologies” by Norman D
Riggan Jr and Robert C Weih Jr of the University
of Arkansas – Monticello.
2nd Place: “Atomic Fracture Mechanism of Graphene
Sheet” by Sachin S Terdalkar, Sulin L Zhang, and
Joseph J Rencis of the University of Arkansas –
Fayetteville.
UNDERGRADUATE STUDENT AWARDS
Poster Awards
1st Place: “Microwave-Assisted Synthesis of
Ruthenium-DMSO Complexes” by Amanda
Harvey, Shengkuei Chui, Rian Snell, Mark
Draganjac, and Ellis Benjamin of Arkansas State
University.
Oral Presentation Awards
Undergraduate Life Sciences
1st Place: “Endangered Nicrophorus americanus
Prefer Disturbed Successional Communities at
Military Installation in Western Arkansas” by
Douglas R Leasure and Kristine A Garner of the
University of Arkansas – Fort Smith.
2nd Place: “House Sparrows Reduce Nesting Success
of Cliff Swallows in Western Arkansas” by
Douglas R Leasure, Ragupathy Kannan, and
Douglas A James of the University of Arkansas –
Fort Smith.
3rd Place: “Response of Avian Populations to
Woodland Restoration in the Ozark Mountains,
Arkansas” by Helen Chang and Maureen R
McClung of the University of Arkansas –
Fayetteville.
Undergraduate Physical Sciences
1st Place: “Error Analysis in Stellar Abundance
Models Used for n-Capture Abundance
Determinations” by Jeremy Lusk and Debra L
Burris of the University of Central Arkansas.
2nd Place: “Magnetic Field Controlled Spray
Deposition of Nickel Ink to Form Electrically
Conductive Contact Patters – Part I. Use of an
Electromagnet” by Michael Sattler, Robert
Engelken, Frederick M Felizco, Alan Hickerson,
Shyam Thapa, and Tom Jacobs of Arkansas State
University.
3rd Place: “Magnetic Field Controlled Spray
Deposition of Nickel Ink to Form Electrically
Conductive Contact Patters – Part II. Results with
a Permanent Magnet and with No Magnetic Field”
by Frederick M Felizco, Robert Engelken, Michael
Sattler, Alan Hickerson, and Shyam Thapa of
Arkansas State University.
Arkansas Academy of Science
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APPENDIX B
RESOLUTIONS
Arkansas Academy of Science
93rd Annual Meeting, 2009 Resolutions
Be it resolved that we, the membership of the Arkansas
Academy of Science, offer our sincere appreciation to
University of the Ozarks for hosting the 93rd annual
meeting of the Arkansas Academy of Science. We
thank the Local Arrangements Committee: Chair Bill
Doria, the faculty of the University of the Ozarks and
all of the student workers and staff, particularly
secretaries Marian Askins and Emmalee Morrow, who
collectively contributed to such a successful meeting.
We especially thank our Keynote Speaker, Dr. Marc
Seigar for his participation presentation entitled “Dark
Matter in Spiral Galaxies.” We thank University of the
Ozarks for their donations to the Social and Banquet,
which were both excellent and thoroughly enjoyed by
all. We thank University of the Ozarks President Rick
Niece for hosting the AAS and Vice President for
Academic Affairs Dan Taddie for his welcome
address.
The Academy recognizes the important role assumed
by Session Chairs and expresses sincere appreciation
to: Anwar A Bhuiyan, Daniel A Bullock, Debra L
Burris, Anthony K Grafton, Joyce Hardin, John L
Harris, David Jamieson, Moluwa M Matute, Thomas
Smith, James M Stewart, JD Swanson, and Stanley E
Trauth. We also recognize the contributions of the
Judges who facilitate student participation and awards.
We gratefully acknowledge the various directors of the
science and youth activities which are supported or
supervised by the Academy: Betty Crump,
Development; Tillmon Kennon, Science Education
Committee; William Slaton, Arkansas Science Talent
Search; Nolan Carter; Junior Academy of Science;
Mark Bland, Arkansas Science Fair; and Linda
Kondrick, Arkansas Junior Science and Humanities
Association. We wish to thank all those who served as
directors at Regional Science Fairs and Junior
Academy Meetings.
We congratulate all who presented papers and posters
at this meeting. Student participants are especially
recognized since their efforts contribute directly to the
future success of the Academy and the improvement
and advancement of science in Arkansas.
The continued success of the Academy is due to its
strong leadership. We offer sincere thanks to our
officers for another excellent year: Joyce Hardin
(President), Scott Kirkconnell (President-Elect), Jeff
Robertson (Vice-President), Collis Geren (Past-
President), Jeff Robertson (Secretary), Mostafa
Hemmati (Treasurer), Mostafa Hemmati (Journal
Editor-in Chief), Ivan Still (Journal Managing Editor),
Jeff Robertson (Newsletter Editor, Webmaster), and
Collis Geren (Historian).
Respectfully submitted this 4th day of April, 2009.
Resolution Committee
Jeff Robertson, AAS Vice President, Secretary
Bill Doria, UO LOC Chair
Arkansas Academy of Science
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2009-2010 MEMBERSHIP
LIFE MEMBERS
FIRST MI. LAST NAME INSTITUTION
Edmond J. Bacon University of Arkansas-Monticello
Vernon Bates Ouachita Mountains Biological Station
Floyd Beckford Lyon College
Wilfred J. Braithwaite University of Arkansas-Little Rock
Calvin Cotton Geographics Silk Screening Co.
Betty Crump Ouachita National Forest
James Daly University of Arkansas for Medical Sciences
Leo Davis Southern Arkansas University
Mark Draganjac Arkansas State University
Jim Edson University of Arkansas at Monticello
Daniel R. England Southern Arkansas University
Kim Fifer University of Arkansas for Medical Sciences
James H. Fribourgh University of Arkansas-Little Rock
Arthur Fry University of Arkansas-Fayetteville
Linda Gatti-Clark Hendrix College
Collis Geren University of Arkansas-Fayetteville
John Giese Ark. Dept. of Env. Qual. (ret)
Walter Godwin University of Arkansas at Monticello
Anthony Grafton Lyon College
Joe M. Guenter University of Arkansas at Monticello
Joyce Hardin Hendrix College
George Harp Arkansas State University
Phoebe Harp Arkansas State University
Gary Heidt University of Arkansas-Little Rock
Mostafa Hemmati Arkansas Tech University
Philip Hyatt retired
Douglas James University of Arkansas-Fayetteville
Ronald Javitch Natural History Rare Book Foundation
Arthur Johnson Hendrix College
Cindy Kane University of Arkansas for Medical Sciences
Scott Kirkconnell Arkansas Tech University
Roger Koeppe University of Arkansas-Fayetteville
Roland McDaniel FTN Associates
Grover Miler University of Arkansas for Medical Sciences
Herbert Monoson Ark. Science & Technology Authority
James Peck University of Arkansas at Little Rock
Michael Rapp University of Central Arkansas
Dennis Richardson Quinnipiac College
Jeff Robertson Arkansas Tech University
Henry Robison Southern Arkansas University
David Saugey U.S. Forest Service
Stanley Trauth Arkansas State University
Gary Tucker FTN Associates
Renn Tumlison Henderson State University
James Wickliff University of Arkansas-Fayetteville
Robert Wiley University of Arkansas-Monticello
Steve Zimmer Arkansas Tech University
Benjamin Rowley University of Central Arkansas
Scott White Southern Arkansas University
REGULAR MEMBERS
FIRST MI. LAST NAME INSTITUTION
Alois Adams University of Arkansas-Little Rock
Mohammad Akhter Arkansas State University-Mountain Home
Brent Baker University of Arkansas Herbarium
Anwar Bhuiyan Arkansas Tech University
Viktoriya A. Black Southern Arkansas University
Don Bragg USDA Forest Service
Tom Buchanan University of Arkansas-Ft. Smith
Debra L. Burris University of Central Arkansas
Stephen Chordas III Ohio State University
Mari Davidson University of Arkansas for Medical Sciences
Eddie Dry Arkansas State University - Mountain Home
Rudolph Eichenberger Southern Arkansas University
James Engman Henderson State University
Robert Ficklin University of Arkansas at Monticello
David General University of Arkansas at Monticello
Frank Hardcastle Arkansas Tech University
John Harris Arkansas Highway & Transportation
Shahidul Islam University of Arkansas at Pine Bluff
Salomon Itza University of the Ozarks
Tillman Kennon Arkansas State University
Ryan Laddusaw University of Arkansas /Medical Sciences
Janet Lanza University of Arkansas at Little Rock
David Martinez U.S. Fish and Wildlife Service
Mike Matthews Henderson State University
Chris McAllister RapidWrite, Hot Springs National Park
Rahul Mehta University of Central Arkansas
Alex Nisbet Ouachita Baptist University
Forrest Payne University of Arkansas at Little Rock
Jacqueline Potter Wonder Junior High School
Thomas Risch Arkansas State University
Blake Sasse Arkansas Game and Fish Commission
Marc Seigar University of Arkansas at Little Rock
William Shepherd Audubon Arkansas
William Slaton University of Central Arkansas
Thomas Smith Southern Arkansas University
Ivan H. Still Arkansas Tech University
Lynne Thompson University of Arkansas- Monticello
Curtis VanderSchaaf University of Arkansas Monticello
Deborly Wade Central Baptist College
Robert Weih University of Arkansas-Monticello
Benjamin Wheeler UACC - Batesville
Ed Wilson Harding University
Joe M. Winstead Southern Arkansas University
Tsunemi Yamashita Arkansas Tech University
Steve Yanoviak University of Arkansas-Little Rock
SPONSORING/SUSTAINING MEMBERS
FIRST MI. LAST NAME INSTITUTION
Abdel Bachri Southern Arkansas University
Richard Standage USDA Forest Service
Arkansas Academy of Science
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STUDENT MEMBERS
FIRST MI. LAST NAME INSTITUTION
Allison Asher Arkansas State University
Andres Bacon University of Arkansas-Monticello
Lauren Blair University of Arkansas for Medical Sciences
Jacob Bock University of Arkansas-Little Rock
Lindsay Bradshaw University of Arkansas for Medical Sciences
Heather Clarke University of Central Arkansas
Douglas Dawson University of Arkansas-Little Rock
Rebecca Fry University of Arkansas-Little Rock
Jacqueline Harris University of Arkansas-Little Rock
Kristin Hester University of Arkansas-Little Rock
Nathanael Hilzinger University of Central Arkansas
Cody Hutson Southern Arkansas University
Matthew Jimerson Southern Arkansas University
Abdoul Koroney Southern Arkansas University
Britne Kuykendall University of Central Arkansas
Kim Mason University of Central Arkansas
Leigh Methvin University of Central Arkansas
Sarah Norman Arkansas Tech University
Brett Rabeneck University of Central Arkansas
Jeremy Rigsby Arkansas Tech University
Ashley Scott University of Arkansas-Little Rock
Rich Shaver University of Arkansas-Little Rock
Dallas Snider University of Arkansas-Little Rock
Nickolas South University of Arkansas-Little Rock
Jeremy Stark University of Arkansas-Little Rock
Katie Steed University of Arkansas for Medical Sciences
Shane Sullivan University of Arkansas for Medical Sciences
Sharon Sweeney University of Arkansas-Little Rock
Allan Thomas University of Arkansas-Little Rock
Nathan Wentz Arkansas State University
Arkansas Academy of Science
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FEATURED GUEST SPEAKER
DARK MATTER IN SPIRAL GALAXIES
Presented by
Dr. Marcus S. Seigar
University of Arkansas – Little Rock
The rotation curves of spiral galaxies (i.e. the velocities of stars around galaxy
centers) provide one of the strongest lines of evidence establishing the need for
dark matter in the Universe. An elaborate paradigm for dark matter has
subsequently developed, known as LCDM, in which the Universe consists of Cold
Dark Matter, such that it is non-relativistic at the time of recombination (i.e., when
neutral hydrogen atoms first formed). Simulations of LCDM structure formation
can recreate the large-scale structure of the Universe extremely well.
However, an important question is whether this cosmic paradigm provides a
satisfactory description on smaller scales, i.e. that of individual spiral galaxies.
A complete explanation of spiral galaxies in LCDM requires a comprehensive
theory of galaxy formation. This remains lacking. Indeed, there are a number of
lingering problems on small (i.e. galaxy) scales.
One of the most crucial tests for LCDM comes from the estimates of galaxy mass
distributions. High-resolution N-body simulations of LCDM structure formation
predict that the central density profiles of dark matter halos should rise steeply at small radii. However, observations of
rotation curves of late-type disk galaxies and dwarf galaxies, have shown that quite often, mass distributions with
lower than predicted densities or with constant density cores, are preferred. This is known as the cusp/core problem.
Another problem for LCDM cosmology is the Tully-Fisher zero-point problem, which refers to the fact that standard
models cannot reproduce the observed relation between galaxy luminosity and circular velocity without over-
producing the number density of galaxies at fixed luminosity.
In this keynote talk, Dr. Seigar addresses these issues and introduces some new ideas and methods that are being
developed to solve them.
Dr. Marcus S. Seigar is an Assistant Professor of Physics and Astronomy at the University of Arkansas at Little Rock.
Dr. Seigar's research interests include the nature of dark matter, the processes of galactic evolution, and development
of techniques used to measure the masses of black holes. Recently, Dr. Seigar has been involved with the Arkansas
Galaxy Evolution Survey (AGES), a collaboration he helped set up. The current goal of AGES is to conduct a census
of supermassive black holes in the Universe. The AGES team recently received a $1.4 million grant from the Arkansas
NASA EPSCoR program to continue their research.
Prior to joining the faculty at UALR, Dr. Seigar was a researcher at the University of California at Irvine, where he
was a recipient of the Gary McCue Fellowship. He has conducted astronomical research using some of the most
powerful and sophisticated telescopes both on and off the Earth, including the Hubble Space Telescope, the Keck
Observatory, and the Kitt Peak National Observatory.
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SECTION PROGRAMS
ORAL PRESENTATIONS
SESSION 1: FRIDAY 1:00-2.30. CHAIR: JD SWANSON
BOARD OF TRUSTEES ROOM, ROBSON LIBRARY
Topics: Molecular Biology, Biophysics, Genetics and Microbiology
1:00
CRITICAL EVALUATION OF BACTERIOPHAGE AS AN
ALTERNATIVE TO ANTIBIOTICS IN ANIMAL AND HUMAN
MEDICINE
Huff, William E; Huff, Geraldine R; Rath, Narayan C; Donoghue, Annie M.
USDA/ARS, University of Arkansas - Fayetteville
1:15
COMPARISON OF BACILLUS CEREUS AND BACILLUS
ANTHRACIS INFECTION MODELS AND GLYCOCONJUGATE-
INDUCED IMMUNOMODULATION
Scott, Ashley; Lahiani, Mohamed H; Rasol, Aveen; Tarasenko, Olga.
University of Arkansas - Little Rock
1:30
DNA SEQUENCE ANALYSIS OF FRESHWATER
EUSTIGMATOPHYCEAE, A POTENTIAL SOURCE OF
ESSENTIAL FATTY ACIDS
Prior, Sara E; Fawley, Marvin W; Fawley, Karen P. University of Arkansas
- Monticello
1:45
THE COG COMPLEX, RAB6, AND COPI DEFINE A
RETROGRADE TRAFFICKING PATHWAY ACROSS THE GOLGI
APPARATUS EXPLOITED BY THE SUBTILASE CYTOTOXIN
Smith, Richard D; Willett, Rose; Paton, Adrienne W; Paton, James C;
Lupashin, Vladimir V. University of Arkansas for Medical Sciences
2:00
DIFFERENTIATING THE ROLES OF PAL 1 AND PAL 2 IN LATE
PRICKLE DEVELOPMENT IN RUBUS
Little, Coleman; Jones, Nate; Magie, Ben; Delvasto, Jennyfer; Swanson,
JD. University of Central Arkansas
2:15
DSCAM BINDING CAPABILITIES AND MICROSPHERE
INTERACTIONS
Caldwell, Jennifer L; Collins, Jesse; Manoharan, Vinothan N. University of
Arkansas - Pine Bluff
SESSION 1: FRIDAY 1:00-2.30. CHAIR: DEBRA L BURRIS
ROOM 129, SMITH-BROYLES SCIENCE BUILDING
Topics: Physics and Astronomy
1:00
MATTER-ANTIMATTER ASYMMETRY VIA PARTICLES DECAY
PROCESSES
Bachri, Abdel G; Kaladi, Babu S. Southern Arkansas University
1:15
ELECTRON FLUID DYNAMICAL EQUATIONS AND
IONIZATION RATE FOR BREAKDOWN WAVES PROPAGATING
INTO AN IONIZED MEDIUM
Rasul, Noaman; Hemmati, Mostafa; Peden, Robert. Arkansas Tech
University
1:30
COMPUTER MODELING OF THE MAGNETICALLY ACTIVE
ECLIPSING BINARY V1379 AQUILA
King, John; Robertson, Jeff W. Arkansas Tech University
1:45
OBSERVATIONS OF POTENTIALLY HAZARDOUS ASTEROIDS
Ahrns, Jason; Robertson, Jeff W. Arkansas Tech University
2:00
CALIBRATING A PORTABLE FIBER-FED SPECTROGRAPH
Wies, Britney; Robertson, Jeff W. Arkansas Tech University
2:15
ERROR ANALYSIS IN STELLAR ABUNDANCE MODELS USED
FOR N-CAPTURE ABUNDANCE DETERMINATIONS
Lusk, Jeremy; Burris, Debra L. University of Central Arkansas
SESSION 1: FRIDAY 1:00-2.30. CHAIR: JOHN L HARRIS
ROOM 001 BOREHAM BUSINESS BUILDING
Topics: Marine Biology
1:00
DIEL PATTERNS OF INVERTEBRATE DRIFT AND FEEDING OF
TWO SMALL FISHES IN CADRON CREEK
Mitchell, David; Walker, Richard. University of Central Arkansas
1:15
MOVEMENTS AND HABITAT USE OF A LEVIATHAN,
ALLIGATOR GAR (ATRACTOSTEUS SPATULA): INITIAL
PROGRESS AND PLANS
Kluender, Edward R; Lewis, Lindsey; Adams, S Reid. University of Central
Arkansas
1:30
FOOD HABITS OF SYMPATRIC SPOTTED (LEPISOSTEUS
OCULATUS) AND SHORTNOSE (LEPISOSTEUS PLATOSTOMUS)
GAR DURING FLOODING OF AN ARKANSAS RIVER
TRIBUTARY
Walker, Richard H; Benton, Justin; Inebnit, Tommy; Adams, Reid.
University of Central Arkansas
1:45
SPECIES RICHNESS, DISTRIBUTION, AND RELATIVE
ABUNDANCE OF FRESHWATER MUSSELS (BIVALVIA:
UNIONIDAE) OF THE BUFFALO NATIONAL RIVER, ARKANSAS
Matthews, Mickey W; Usrey, Faron; Hodges, Shawn W; Harris, John L;
Christian, Alan D. Arkansas State University
2:00
UNIONOIDA (MOLLUSCA: MARGARITIFERIDAE, UNIONIDAE)
IN ARKANSAS, THIRD STATUS REVIEW
Harris, John L; Posey II, William R; Davidson, Chris L; Farris, Jerry L;
Oetker, Susan R; Barnett, M Scott; Martin, HC; Matthews, MW; Seagraves,
JH; Wentz, NJ; Winterringer, R; Osborne, C; Christian, Alan D. Arkansas
State University, Arkansas Game and Fish Commission, U.S. Fish and
Wildlife Service, Arkansas Department of Environmental Quality,
Ecological Conservation Organization, Ecological Specialists, Inc.
2:15
A QUALITATIVE FRESHWATER MUSSEL SURVEY OF THE
SOUTH FORK SPRING RIVER, MISSOURI AND ARKANSAS
Martin, Holly C; Harris, John L; Christian, Alan D. Arkansas State
University
SESSION 1: FRIDAY 1:00-2.30. CHAIR: ANTHONY K GRAFTON
ROOM 133, WALKER HALL
Topic: Chemistry
1:00
FLIPPING THE GENERAL CHEMISTRY CLASSROOM: METHOD
AND APPLICATION
Grafton, Anthony K. Lyon College
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1:15
FORTIFICATION OF GOAT’S MILK YOGHURT WITH WHEY
PROTEIN CONCENTRATE AND TRI-CALCIUM CITRATE:
CHEMICAL, PHYSICAL AND ORGANOLEPTIC EVALUATION
Zahoor, Tahir; Iqbal, Arshad; Kanwal, Shuja; Hossain, M Zakir; Umair,
Bajwa A. University of Agriculture - Faisalabad, University of Arkansas -
Little Rock
1:30
MICROENCAPSULATION OF CUMENE HYDROPEROXIDE AND
ITS EFFECT ON FRONTAL POLYMERIZATION SYSTEMS
McFarland, Brian H; Popwell, Sam; Pojman, John A. University of the
Ozarks
1:45
HYDROGEN PRODUCTION BY STEAM-REFORMING OF
ETHANOL OVER SUPPORTED COBALT AND COBALT-ZINC
CATALYSTS
Kazi, Abul B. University of Arkansas - Pine Bluff
2:00
ATOMIC FRACTURE MECHANISM OF GRAPHENE SHEET
Terdalkar, Sachin S; Zhang, Sulin L; Rencis, Joseph J. University of
Arkansas - Fayetteville
SESSION 2: FRIDAY 3:00-4.30. CHAIR: JAMES M STEWART
BOARD OF TRUSTEES ROOM, ROBSON LIBRARY
Topics: Botany and Ecology
3:00
DETERMINATION OF BENTHIC SOIL CONDITIONS USING
NEMATODES
Matute, Moluwa, M; Perschbacher, Peter, M. University of Arkansas - Pine
Bluff
3:15
EFFECT OF SALT ON SEVERAL GENOTYPES OF GOSSYPIUM
(COTTON)
Tiwari, Rashmi S; Stewart, James M. University of Arkansas - Fayetteville
3:30
EFFECT OF HIGH TEMPERATURE ON POLLEN TUBE
GROWTH AND ENERGETICS IN THE COTTON PISTIL
Snider, John L; Oosterhuis, Derrick M; Skulman, Briggs W; Kawakami,
Eduardo M; Storch, Diana K. University of Arkansas - Fayetteville
3:45
THE FLOWERING WOODY FLORA OF LOGOLY STATE PARK
Shaw, Jesse C; Smith, Thomas; Erickson, Ray; Baker, Claude. Southern
Arkansas University
4:00
PINE STRAW RAKING AND FERTILIZER SOURCE IMPACTS
NITROGEN MINERALIZATION IN A LOBLOLLY PINE (PINUS
TAEDA) PLANTATION
Ellum, Keith A; Liechty, Hal O; Blazier, Michael A. University of Arkansas
- Monticello, Louisiana State University
4:15
IS WHALE WATCHING A THREAT TO ENDANGERED ORCINUS
ORCA?
Wakefield, Timothy S; Otis, Robert E. John Brown University
SESSION 2 FRIDAY 3:00-4:30. CHAIR: DANIEL A BULLOCK
ROOM 129, SMITH-BROYLES SCIENCE BUILDING
Topic: Physics
3:00
HEAT ASSISTED ELECTRON BEAM WRITING OF
POLYCRYSTALLINE NANODOTS
Newton, Benjamin S; Naseem, Hameed; Abu-Safe, Husam. University of
Arkansas - Pine Bluff
3:15
STUDY BIOLOGICAL NANO-PARTICLES USING OPTICAL
TECHNIQUES
Newton, Sarah E; Oliver, William F. University of Arkansas - Pine Bluff,
University of Arkansas - Fayetteville
3:30
QUANTUM DOT ABLATION USING A SCANNING TUNNELING
MICROSCOPE PROBE
Bullock, Daniel A; Mortazavi, Mansour. Arkansas Tech University,
University of Arkansas - Pine Bluff
3:45
COMPUTER DIGITIZATION FOR TARGET DETECTION USING
MICROWAVE IMAGING
Crain, Stephen G; El-Shenawee, Magda
University of Arkansas - Fayetteville
4:00
TRAVEL-TIME VARIABILITY OF OCEAN-ACOUSTIC RAYS
Broughton, Stephen T; Vera, Michael. University of Southern Mississippi
4:15
LAND USE/LAND COVER CLASSIFICATION PROJECT: A
COMPARISON OF PIXEL-BASED VERSUS OBJECT-BASED
METHODOLOGIES
Riggan Jr., Norman D; Weih Jr., Robert C. University of Arkansas -
Monticello
SESSION 2: FRIDAY 3:00-4:30. CHAIR: DAVID JAMIESON
ROOM 001 BOREHAM BUSINESS BUILDING
Topic: Marine Biology
3:00
DISTRIBUTION AND POPULATION CHARACTERISTICS OF
WALLEYE IN THE LOWER ELEVEN POINT RIVER, ARKANSAS
Johnson, Ronald L; Henry, Sam D; Barkley, Sam W. Arkansas State
University
3:15
PERSISTENCE OF LARGEMOUTH BASS ALLELES IN AN
ARKANSAS LAKE STOCKED WITH FLORIDA BASS
Allen, Ryan; Johnson, Ronald L. Arkansas State University
3:30
LENGTH AT AGE AND CONDITION FOR BASS RELATIVE TO
PHENOTYPE FOR SOUTHERN ARKANSAS RESERVOIRS
Allen, Ryan; Cato, Christopher; Dennis, Colton; Johnson, Ronald L.
Arkansas State University
3:45
SPATIAL DISTRIBUTION OF YELLOW GRUB IN SMALLMOUTH
BASS OF CROOKED CREEK AS DETERMINED BY
METACERCARIAL CYST COUNTS IN THE GILL-MOUTH SITES
Daly Sr., James J; Almond, James. University of Arkansas for Medical
Sciences
4:00
SCREENING FOR YELLOW GRUB IN POND-RAISED CATFISH
BY COUNTING CYSTS IN VISIBLE ANATOMICAL SITES
Singleton, Jeurel; Daly Sr., James J; Keller, Randal J. University of
Maryland - Eastern Shore, University of Arkansas for Medial Sciences,
Murray State University
4:15
NEW GEOGRAPHIC DISTRIBUTION RECORDS FOR THREE
SPECIES OF NOTROPIS (CYPRINIFORMES: CYPRINIDAE)
FROM LARGE RIVERS OF ARKANSAS
McAllister, Chris T; Layher, William G; Robison, Henry W; Buchanan,
Thomas M. RapidWrite, Layher BioLogics RTEC, Inc., Southern Arkansas
University, University of Arkansas - Fort Smith
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SESSION 2 FRIDAY 3:00-4:30. CHAIR: STANLEY E TRAUTH
ROOM 133, WALKER HALL
Topics: Herpetology, amphibians
3:00
COMPARATIVE UROGENITAL ANATOMY OF NORTH
AMERICAN MALE COLUBROID SNAKES
Trauth, Stanley E. Arkansas State University
3:15
DOES HABITAT QUALITY AFFECT POPULATION DENSITIES
OF AMERICAN ALLIGATORS (ALLIGATOR MISSISSIPPIENSIS)
IN SOUTHWEST ARKANSAS?
Smith, Geoff D; Dinkelacker, Stephen A. University of Central Arkansas
3:30
DEMOGRAPHIC TRAITS OF WESTERN CHICKEN TURTLES
(DEIROCHELYS RETICULARIA MIARIA) IN CENTRAL
ARKANSAS
Hilzinger, Nathanael L; Dinkelacker, Stephen. University of Central
Arkansas
3:45
BUFO FOWLERI ALTERS ITS ATTRACTION TO LIGHT IN THE
PRESENCE OF A POTENTIAL PREDATOR
Wrensch, Zachary C; Mills, Nathan E. Harding University
4:00
COMMON GROUND SKINK FOUND ALIVE IN TALONS OF
JUVENILE EASTERN BLUEBIRD
Freeman-Nelson, Kellie J; Risch, Thomas. Arkansas State University
SESSION 3: SATURDAY 9:00-10:30. CHAIR: THOMAS SMITH
BOARD OF TRUSTEES ROOM, ROBSON LIBRARY
Topics: Zoology and ecology
9:00
CATERPILLARS AND KATYDIDS: DO THEIR CANAL-CUTTING
BEHAVIORS FACILITATE HOST-RANGE EXPANSION?
Dussourd, David E. University of Central Arkansas
9:15
RANGE EXTENSION OF THE SEMINOLE BAT IN ARKANSAS
Risch, Thomas S; Klotz, Tracy L. Arkansas State University
9:30
THE IMPACT OF AIR POLLUTION ON AEROPHYTIC ALGAE
AND SLIME MOLDS FROM TWO SITES IN COLORADO
Smith, Thomas; Stephenson, Steve; Nelson, Rodney K; Nelson, Lynda.
Southern Arkansas University
9:45
REVISED ARKANSAS ALGAE AND NEW ADDITIONS
Smith, Thomas. Southern Arkansas University
10:00
ALGAL EXTREMOPHILES FROM HOT SPRINGS NATIONAL
PARK, HOT SPRINGS, ARKANSAS
Smith, Thomas; Manoylov, Kalina; Packard, Anne. Southern Arkansas
University
10:15
THE EFFECT OF LIGNITE ON PHASEOLUS VULGARIS PLANT
DEVELOPMENT
Smith, Thomas; Banks, Surya; Narula, Nitish. Southern Arkansas
University
SESSION 3 SATURDAY 9:00-10:30. CHAIR: ANWAR A BHUIYAN
ROOM 129, SMITH-BROYLES SCIENCE BUILDING
Topics: Physical and Inorganic Chemistry
9:00
SYNTHESIS AND CHARACTERIZATION OF HOMOLEPTIC AND
HETEROLEPTIC RUTHENIUM POLYPYRIDINE COMPLEXES
Wade, Christina; Kudo, Shotaro; Davis, Robby F; Bhuiyan, Anwar A.
Arkansas Tech University
9:15
SYNTHESIS OF [(6-P-CYMENE)RU(9-ATSC)CL]PF6 AND ITS
INTERACTION WITH HUMAN SERUM ALBUMIN (9-ATSC = 9-
ANTHRALDEHYDE THIOSEMICARBAZONE)
Beckford, Floyd; Shaloski, Michael. Lyon College
9:30
MAGNETIC FIELD CONTROLLED SPRAY DEPOSITION OF
NICKEL INK TO FORM ELECTRICALLY CONDUCTIVE
CONTACT PATTERNS – PART I. USE OF AN ELECTROMAGNET
Sattler, Michael; Engelken, Robert; Felizco, Frederick M; Hickerson, Alan;
Thapa, Shyam; Jacobs, Tom. Arkansas State University
9:45
MAGNETIC FIELD CONTROLLED SPRAY DEPOSITION OF
NICKEL INK TO FORM ELECTRICALLY CONDUCTIVE
CONTACT PATTERNS – PART II. RESULTS WITH A
PERMANENT MAGNET AND WITH NO MAGNETIC FIELD
Felizco, Frederick M; Engelken, Robert; Sattler, Michael; Hickerson, Alan;
Thapa, Shyam. Arkansas State University
10:00
FURTHER DEVELOPMENTS IN HIGH TEMPERATURE
CHEMICAL BATH DEPOSITION OF INDIUM (III) SULFIDE
FILMS FROM ORGANIC SOLUTIONS
Hickerson, Alan; Engelken, Robert; Sattler, Michael; Felizco, Frederick M;
Thapa, Shyam; Chaudhury, Zariff; Karabacak, Tansel; Seo, Hyewon;
Jakobs, Tom; Ewing, Barret. Arkansas State University, University of
Arkansas - Little Rock, InvoTek, Inc.
SESSION 3: SATURDAY 9:00-10:30. CHAIR: JOYCE HARDIN
ROOM 001 BOREHAM BUSINESS BUILDING
Topic: Birds
9:00
RESPONSE OF AVIAN POPULATIONS TO WOODLAND
RESTORATION IN THE OZARK MOUNTAINS, ARKANSAS
Chang, Helen; McClung, Maureen R. University of Arkansas - Fayetteville
9:15
TWO NEW BIRDS FOR ARKANSAS PLUS COMMENTS ON THE
FORK-TAILED FLYCATCHER AND CLARIFYING OTHER
ARKANSAS RECORDS
James, Douglas A; Neal, Joseph C; Smith, Kimberly G; Shepherd, William
M; Mills, Charles. University of Arkansas - Fayetteville
9:30
ADVENT, DISPERSAL, AND CURRENT STATUS OF THE EXOTIC
EURASIAN COLLARED-DOVE (STREPTOPELIA DECAOCTO) IN
ARKANSAS
Dodd, Alena; Fielder, Mike; Kannan, Ragupathy. University of Arkansas -
Fort Smith
9:45
HOUSE SPARROWS REDUCE NESTING SUCCESS OF CLIFF
SWALLOWS IN WESTERN ARKANSAS
Leasure, Douglas R; Kannan, Ragupathy; James, Douglas A. University of
Arkansas - Fort Smith, University of Arkansas - Fayetteville
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10:00
NUTRITIONAL IMMUNOMODULATION AS AN APPROACH TO
DECREASING THE NEGATIVE EFFECTS OF STRESS IN
POULTRY PRODUCTION
Huff, Geraldine R; Huff, William E; Rath, Narayan C. USDA/ARS,
University of Arkansas - Fayetteville
10:15
PROTEOMIC CHANGES IN TIBIAL HEAD CARTILAGE OF
CHICKENS WITH TIBIAL DYSCHONDROPLASIA, A
METABOLIC SKELETAL DISEASE
Rasaputra, Komal S; Liyanage, Rohana; Lay, Jackson O; Rath, Narayan C.
University of Arkansas – Fayetteville
SESSION 3: SATURDAY 9:00-10:30
CHAIR: MOLUWA M MATUTE. ROOM 133, WALKER HALL
Topics: Insects and arthropods
9:00
ENDANGERED NICROPHORUS AMERICANUS PREFER
DISTURBED SUCCESSIONAL COMMUNITIES AT MILITARY
INSTALLATION IN WESTERN ARKANSAS
Leasure, Douglas R; Garner, Kristine A. Fort Chaffee Maneuver Training
Center, University of Arkansas - Fort Smith
9:15
A PRELIMINARY REPORT ON INSECTS INHABITING THE
BURROWS OF BAIRD'S POCKET GOPHER IN ARKANSAS
Kovarik, Peter W; Connior, Matthew B; Chordas III, Steven W; Robison,
Henry W; Guenther, Idun; Skelley, Paul E. Columbus State Community
College, Arkansas State University, Ohio State University, Southern
Arkansas University, Florida Department of Agriculture and Consumer
Services
9:30
RECENT COLLECTIONS AND ADDITIONAL RECORDS OF
COLLEMBOLA FROM ARKANSAS CAVES
Slay, Michael E; Graening, GO. The Nature Conservancy, California State
University
9:45
NEW STATE DISTRIBUTIONAL RECORDS OF ANTS
COLLECTED IN 2008
General, David M; Thompson, Lynne C. University of Arkansas -
Monticello
10.00
YOU FOUND THOSE “BUGS” IN YOUR BACKYARD, HERE IN
CLARKSVILLE? NO WAY?
Chordas III, Stephen W; Kremers, Joe. Ohio State University
POSTER PRESENTATIONS
1. RESIDUAL EFFECTS ON THE ANT COMMUNITY OF 2
HARVESTING TREATMENTS APPLIED 12-YEARS-EARLIER IN
A PINE-HARDWOOD FOREST IN SOUTHEASTERN ARKANSAS
Thompson, Lynne C; General, David M. University of Arkansas -
Monticello
2. LIFESTYLE INFLUENCES ON BODY MASS INDEX
Boumtje, Perre A; Black, Viktoriya A
Southern Arkansas University
3. LIPID PRODUCTION IN ALGAE AS A BIO-FUEL SOURCE
Narula, Nitish; Smith, Thomas. Southern Arkansas University
4. PRELIMINARY CHECKLIST OF VASCULAR FLORA OF
COLUMBIA COUNTY, ARKANSAS
Logan, LA; Smith, Thomas; Winstead, Joe. Southern Arkansas University
5. PRELIMINARY CHECK-LIST OF VASCULAR FLORA OF
LAKE COLUMBIA, COLUMBIA COUNTY, ARKANSAS
Logan, LA; Smith, Thomas; Baker, Claude. Southern Arkansas University
6. ALGAE OF LAKE COLUMBIA, COLUMBIA COUNTY,
ARKANSAS
Bryan, Brynne; Smith, Thomas. Southern Arkansas University
7. SILVER CITRATE - A NOVEL TOPICAL ANTIMICROBIAL?
Durham, April; Hug, Amber; Yeboah, George; Atchley, Daniel. Harding
University
8. ASSESSING THE "HEALTH" OF SAGER CREEK THROUGH
WATER CHEMISTRY AND MACROINVERTEBRATE
POPULATIONS
Caldwell, Andrew; Colip, Jason; Fegel, Melanee; Flores, Kristin;
Hallenbeck, Josh; Meng, David; Mitskevich, Mary; Oswald-Bauer, Teal;
Wakefield, Timothy. John Brown University
9. THE USE OF NATURAL POLYMERS FOR SOIL
RECLAIMATION
James, Tony L; Pinelo, Laura F; Watkins, Kayla, Saito, Chris, Lack,
Jessica, Shelton, James; Love, Ebony; Bailey, Brittany; Benjamin, Earl;
Benjamin, Ellis. Arkansas State University, Illinois Wesleyan University
10. GLYCOCONJUGATE STIMULATE BACILLUS ANTHRACIS
STERNE SPORES KILLING INDEPENDENTLY FROM RACE OR
GENDER
Lahiani, Mohamed H; Scott, Ashley; Rasol, Aveen; Saheb, Entsar;
Alkarakooly, Zeiyad; Tarasenko, Olga. University of Arkansas - Little Rock
11. GLYCOCONJUGATE STIMULATE BACILLUS ANTHRACIS
STERNE SPORES AND TOXINS KILLING
Rasol, Aveen H; Lahiani, Mohamed H; Scott, Ashley; Saheb, Entsar;
Alkarakooly, Zeiyad; Tarasenko, Olga. University of Arkansas - Little Rock
12. EFFECT OF GLYCOCONJUGATES ON VIABILITY OF
MACROPHAGES BY REDUCING LACTATE DEHYDROGENASE
PRODUCTION AGAINST BACILLUS SPORES AND TOXINS
Alkarakooly, Zeiyad; Rasol, Aveen; Saheb, Entsar; Lahiani, Mohammed H;
Scott, Ashley; Tarasenko, Olga. University of Arkansas - Little Rock
13. ENHANCE MACROPHAGES NITRIC OXIDE PRODUCTION
THAT PROMOTE KILLING BACILLUS ANTHRACIS STERNE
STRAIN SPORES AND TOXINS BY USING GLYCOCONJUGATES
Saheb, Entsar J; Scott, Ashley; Rasol, Aveen; Alkarakooly, Zeiyad;
Lahiani, Mohammed H; Tarasenko, Olga. University of Arkansas - Little
Rock
14. THE EFFECT OF HIGH TEMPERATURE ON IN VIVO
POLLEN TUBE GROWTH, CALCIUM LEVELS, ANTIOXIDANT
RESPONSE, AND SUPEROXIDE PRODUCTION IN THE COTTON
PISTIL
Snider, John L; Oosterhuis, Derrick M; Skulman, Briggs W; Kawakami,
Eduardo M; Storch, Diana K. University of Arkansas - Fayetteville
15. MODELING THE INTERNAL STRUCTURE OF THE BREAST
Greenlee, Jordan D; El-Shenawee, Magda. University of Arkansas -
Fayetteville
16. EFFECTS OF CRAYFISH DENSITY ON BENTHIC
PERIPHYTON
Banks, Brandon T; Ludlam, John P; Magoulick, Daniel D. University of
Arkansas - Fayetteville
17. DISTRIBUTION AND ECOLOGY OF THE ASSEMBLAGES OF
PROTOSTELOID AMOEBAS ASSOCIATED WITH MAJOR
VEGETATION TYPES IN BIG BEND NATIONAL PARK, USA
Ndiritu, George G; Stephenson , Steven L; Spiegel, Frederick W. University
of Arkansas - Fayetteville
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18. ASSESSMENT OF CHINQUAPIN (CASTANEA OZARKENSIS)
IN OZARKS NORTHWEST ARKANSAS
Onduso, Francis N; Paillet, Frederick L; Stephenson, Steven L. University
of Arkansas - Fayetteville
19. STUDYING THE MYXOMYCETE-BRYOPHYTE
RELATIONSHIP
Bates, Amanda; Doss, Robin; Rojas, Carlos; Stephenson, Steven L.
University of Arkansas - Fayetteville
20. BIOGEOGRAPHY OF MYXOMYCETES IN HIGH-
ELEVATION AREAS OF THE NORTHERN NEOTROPICS
Rojas, Carlos; Stephenson, Steven L. University of Arkansas - Fayetteville
21. FLOW CYTOMETRY ANALYSIS OF MERCURY AFFECTED B
CELL ACTIVATION
Weigand, Kara; Rowley, Ben. University of Central Arkansas
22. USE OF ANALYTICAL FLOW CYTOMETRY REGARDING
THE EFFECTS OF MERCURY ON T-CELL SIGNAL
TRANSDUCTION
Reno, J Leigh; Rowley, Ben. University of Central Arkansas
23. EFFECTS OF ATRAZINE AND NITRATE ON HYALLELA
AZTECA (AMPHIPODA) IN LABORATORY EXPOSURES
Pandey, Ram B; Adams, Ginny, L; Warren, Laurie
University of Central Arkansas
24. ANALYSIS OF B-CELL ANTIBODY GENE SEGMENT USE IN
RESPONSE TO MERCURY TREATMENT
Clarke, Heather, J. University of Central Arkansas
25. BEHAVIORAL AND FUNCTIONAL ANALYSIS OF CAF4 IN
SACCHAROMYCES CEREVISIAE
Seiter, Jacob L; Wilkins, Annette; Naylor, Kari K. University of Central
Arkansas
26. STUDYING THE DICTYOSTELIUM DISCOIDEUM
MITOCHONDRIAL FISSION PROCESS TO UNDERSTAND THE
EVOLUTIONARY LINK BETWEEN EUKARYOTES
Apata, LaRhonda; Turbeville, Dean; Naylor, Kari K. University of Central
Arkansas
27. CLONING BY YEAST GAP REPAIR TO DETERMINE THE
DIFFERENT FUNCTIONS OF THE HOMOLOGOUS PROTEINS
MDV1 AND CAF4
Allen, Justin; Huett, Elizabeth; Naylor, Kari K. University of Central
Arkansas
28. DISTRIBUTION AND FUNCTION OF GIRDLING BY
CATERPILLARS OF PROMINENT MOTHS (LEPIDOPTERA:
NOTODONTIDAE)
Ganong, Carissa N; Dussourd, David E. University of Central Arkansas
29. DO CARDENOLIDES AND PYRROLIZIDINE ALKALOIDS
PROTECT EGGS OF THE MONARCH, DANAUS PLEXIPPUS?
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Abstract
Southern Arkansas reservoir largemouth bass
populations (Micropterus salmoides) are often
supplemented with stocks of Florida bass (M.
floridanus) in an attempt to boost the frequency of
hybrid and trophy bass. Stocking rates of Florida bass
among these lakes are highly variable. We determined
bass phenotype composition among 12 lake
populations based upon stocking protocols: exclusively
Florida bass, primarily Florida bass, mixed stocking
protocol and primarily largemouth bass. We also
compared condition among phenotypes (n =2,100) to
test for hybrid or phenotype vigor. Mean relative
weight of bass for most lakes but SWEPCO Lake
(mean Wr = 72) were ≥ 90.  Phenotype frequencies 
were inconsistent with FB stocking histories. No lake
population was comprised only with pure Florida bass
despite four of the lakes being stocked solely with this
bass species. Numbers of F1 hybrid bass were low for
all lake samples. Relative weight among phenotypes
was also inconsistent among lake samples, allowing no
conclusions to be made regarding relative weight and
hybrid vigor or phenotype. Further testing increasing
both the number of lake samples and sample size
within lakes may provide insight into these questions
of stocking effectiveness of Florida bass and hybrid or
phenotype vigor.
Introduction
Largemouth bass (Micropterus salmoides; LMB)
are the most sought after species of freshwater
gamefish in the world. They are native to the
Mississippi River drainage system in North America,
but have been stocked in waters of every continent in
the world other than Antarctica (Jackson 2002).
Maintaining stocks of native LMB populations within
the southern United States is a top priority for fisheries
managers. One common method of management has
been the stocking of Florida bass (Micropterus
floridanus; FB) in southern U.S. reservoirs outside its
natural range. These two putative species were until
recently classified as subspecies and have recently
been proposed as separate species (Near and
Koppleman 2009). Due to compelling genetic and
meristic differences among these two species, in
addition to strong biogeographic gradation, we will
hereafter refer to these two fish as separate species (FB
and LMB).
Two management goals are often targeted with the
stocking of FB in native LMB lakes. One goal is that
of introducing a faster and larger growing species into
southern reservoirs (Week 1984; Fries et al. 2002;
Johnson and Fulton 2004); this approach has been
severely criticized as being both incorrect and
damaging to native LMB stocks (Philipp 1991). The
second goal is to apply the principle of hybrid vigor for
enhancing fish size (Zolczynski and Davies 1976;
Gilliland and Whitaker 1989; Noble 2002), which has
also been criticized as leading to outbreeding
depression (Cooke et al. 2001; Philipp et al. 2002;
Cooke and Philipp 2006). Results of bass hybrid vigor
studies have been mixed. Trophy bass management
programs have indicated that most trophy bass
genetically tested have contained both LMB and FB
alleles (Oklahoma, Horton and Gilliland 1993; Texas,
Lutz-Carrillo et al. 2002); controlled pond studies have
indicated strong latitudinal gradients impacting both
growth rates and relative weight among phenotypes
(Philipp et al. 2002); in northern Arkansas, results were
inconclusive for comparing relative weights among
phenotype groups for bass populations in two
reservoirs (Johnson and Fulton 1999; Johnson and
Fulton 2004). However, reliability of bass phenotype
determination of in situ studies has historically been
limited due to reliance on only two genetic allozyme
markers (Philipp et al. 1983); recently, microsatellite
analysis has enabled greater reliability in phenotype
identification (Lutz-Carrillo et al. 2006).
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Here we discuss genetic characteristics and
condition of bass from 12 Arkansas lakes. Each of
these lakes has been stocked to varying degrees with
FB, ranging from a single stocking of FB, to mixed
stocking, to exclusive stocking of FB (Table 1). To
accomplish this goal, we first employed Bayesian
statistics to assign phenotypes (FB, FX-FB, F1-hybrids,
FX-LMB and LMB) for individual bass. F1 fish
represent first generation crosses between FB and
LMB, whereas FX fish represent later generation
crosses. We compared phenotype distribution to
stocking histories.
In addition to total length of bass, anglers and
fisheries managers are interested in bass within a
system having high condition indices. We therefore
compared relative weights among these differing
phenotypes for each lake studied as a measure of
meeting bass management goals, particularly as they
pertain to hybrid vigor or phenotype.
Methods
Study sites
Boat electrofishing for bass was performed by the
Arkansas Game and Fish Commission (AGFC) in
2007-2008 within 12 Arkansas lakes (Figure 1; 11
reservoirs and 1 oxbow lake; n = 2100). Lake samples
were grouped into four categories based on bass
stocking practices: lakes exclusively stocked with FB
and no LMB (Lakes Bois d’Arc, Greenlee, Monticello,
and SWEPCO); lakes stocked primarily with FB
(Lakes Atkins, Columbia, Lower White Oak, and
Millwood) lakes stocked irregularly with both FB and
LMB (mixed stocking protocol; Lakes Chicot and
Erling); and lakes primarily stocked with LMB (Lakes
DeGray and Ouachita). SWEPCO (215 ha) and
Monticello (615 ha) lakes have been stocked solely
with FB since their construction in 1977 and 1993,
respectively. Lakes Bois d’Arc (263 ha) and Greenlee
(121 ha) were renovated in 2002 and 2000,
respectively, and subsequently stocked with FB. Lakes
Atkins, Columbia, Lower White Oak, and Millwood
had pre-existent stocks of LMB prior to AGFC
stocking of FB. Lake Atkins (304 ha) has had 250,000
FB fingerlings stocked since 2003, Lake Columbia
(1,194 ha) has had over 1.7 million stocked FB
fingerlings since 1986, Lake Millwood (11,938 ha)
over 3 million FB fingerlings since 1984, and Lower
White Oak Lake (702 ha) over 1 million FB fingerlings
since 1993. Both of the lakes having a mixed stocking
protocol of FB and LMB, lakes Chicot and Erling, had
pre-existing LMB populations prior to initial stocking
of FB. Lake Chicot (3,925 ha) is an oxbow lake of the
Mississippi River, whereas the source waters for Lake
Erling (2,833 ha) and the bass of that lake is the
Bodcau River. Since the AGFC began stocking Lake
Chicot, most fish stocked have been LMB (60%),
whereas, Lake Erling has had primarily FB (78%)
stocked. Lakes DeGray (5,423 ha) and Ouachita
(12,869 ha) have had one to two stockings of FB two
to three decades ago.
Figure 1. Arkansas lakes sampled for FB and LMB phenotypes: 1.
SWEPCO Lake; 2. Lake Atkins; 3. Lake Ouchita; 4. Lake
DeGray; 5. Lake Millwood; 6. Lake Bois d’Arc; 7. Lake Erling; 8.
Lake Columbia; 9. Lower White Oak Lake; 10. Lake Greenlee; 11.
Lake Monticello; and 12. Lake Chicot.
Genetic analysis
Fin clips were taken from each bass for genetic
analysis. DNA was isolated and analyses were
performed using the methods of Allen and Johnson
(2009; this issue). Allele frequencies were calculated
for each of the seven microsatellite loci, and alleles
were determined to be exclusive to FB, LMB or shared
between species using hatchery samples (LMB, Joe
Hogan and William Donham hatcheries in Lonoke (n =
33) and Corning, AR (n = 45), respectively; FB,
Andrew Hulsey Hatchery in Hot Springs, AR (n =
103)) as controls. The program STRUCTURE
(Pritchard et al. 2000) was used to provide a statistical
value for the individual admixture proportion (q) of
each individual. Individual admixture proportions
were used to classify individuals as either pure species
or hybrid, following the 0.05 threshold used by
Schwartz and Beheregaray (2008), in order to limit
Type I errors.  Individuals with q ≥ 0.95 were 
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classified as pure LMB, whereas individuals with q ≤ 
0.05 were classified as pure FB. All broodstock
controls were within this threshold and distinguished as
pure species. Individuals having intermediate q-values
were classified as hybrid bass (FX-LMB, F1, and FX-
FB), as described in Allen and Johnson (2009).
Condition comparisons
Condition, expressed as relative weight (Wr), was
calculated for stock size individuals using the
parameters of Henson (WS = -5.528 + 3.273 log10 Total
Length; 1991). Due to the high variability in
phenotype distributions, sample sizes, and in relative
weights both among lakes and seasonally, we did not
attempt to make state-wide comparisons among
phenotype relative weights. For example, lake bass
populations other than Lake Erling were sampled pre-
spawn in late March and early April. Lake DeGray
and Ouachita bass populations had additional samples
collected during late October and November, and Lake
Erling bass were sampled solely during November. To
standardize relative weight data within these three
lakes having multi-season collections, each fish
sampled was measured as + or – the sample mean for
that lake sample. For example, if the lake mean for
relative weight was 100, then a bass having a relative
weight of 110 would have a score of 10. This removed
sampling variability associated with season (Johnson
and Fulton 1999).
Each lake was dominated by two to three of the
five phenotypes, primarily the pure species (LMB or
FB), and secondarily the FX towards that species. Data
was normally distributed for all samples, so ANOVAs
were performed comparing differences in relative
weight of individuals among the numerically dominant
phenotypes (n > 6). ANOVAs demonstrating
significance were followed with an a posteriori
Tukey's multiple comparison test to test for treatment
and interaction effects. All significance levels were set
at α = 0.05.  Additionally, individual lakes are subject 
to a wide range of variables that impact the relative
weight and growth of that lake. Rather than attempt to
combine data among all lakes, we therefore kept our
analyses to within lakes, and looked for trends relative
to stocking patterns.
Results and Discussion
Stocking Regimens and Bass Phenotypes
Phenotype analysis showed a high range of
incorporation of FB alleles and therefore phenotypes
among the sample populations. Our data are
inconsistent in regards to phenotype trends relative to
FB stocking history (Table 1). None of the lakes
stocked solely with FB had 100% FB phenotypes.
Most individuals of SWEPCO and Greenlee lakes had
FB phenotypes (75 and 78%, respectively). Most of
the remainder of the SWEPCO Lake bass were
categorized as FX-FB, whereas bass phenotypes in
Lake Greenlee were distributed among each grouping
other than FX-LMB. As stated previously, Lake
Greenlee was completely renovated and drained with a
complete fish kill, with new stockings of FB beginning
in 2000. However, Lake Greenlee is a small reservoir
(121 ha), and was flooded shortly thereafter, with
waters of Piney Creek entering the reservoir. This
possibly contaminated the bass population with native
LMB. Evidence of this Piney Creek source of LMB
may be the presence of mature adults (8% of sample;
325 – 554 mm total length) that had LMB phenotypes.
Lake Monticello had lower numbers of pure FB (35%),
and was numerically dominated by FX-FB (48%).
Lake Monticello has several small streams feeding it; it
is possible that native LMB from these streams have
reduced the effectiveness of FB stocking in this
reservoir. Lake Bois d’Arc was also renovated in 2002
similar to Lake Greenlee above, with only FB stocked
since that time. However, the success of the fish kill in
removing pre-existing LMB prior to stocking is
suspect. Most individuals collected from Bois d’Arc
were LMB (76%).
Lakes Atkins, Columbia, Millwood and Lower
White Oak Lake have each had extensive FB fingerling
stockings over prolonged periods, yet few sampled
individuals of any of these lakes were pure FB; most
individuals were distinguished as FX-LMB or pure
LMB (Table 1). Lake Atkins had a higher proportion
of both FB (17%) and F1 hybrids (27%) than the other
three reservoirs within this stocking regimen. The
Columbia Lake sample was unique among this group,
with few pure LMB identified.
Both of the lakes having a mixed stocking protocol
of FB and LMB, lakes Chicot and Erling, had a
numerical dominance of LMB and FX-LMB
phenotypes (Table 1). The greater proportion of LMB
stocked into Lake Chicot relative to Lake Erling is
reflected by phenotype proportions (57 versus 42%
LMB, respectively).
Both lakes DeGray and Ouachita have had limited
stocking events of FB, yet very high and continuous
stocking of LMB. Phenotypes observed in both
reservoirs are consistent with a LMB stocking protocol
(Table 1). Most fish in both reservoirs were LMB
(Lake DeGray 70%; Lake Ouachita 74%), with most of
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Table 1. Comparison of phenotype frequencies and relative weights (SE) of common phenotypes in Arkansas lake samples based upon Florida
bass stocking protocols. Phenotypes sorted by pure species, F1, and FX hybrids. Lake Greenlee FX-FB individuals were less than stock size so
relative weight was not calculated for this group.
Category/
Lake Lake LMB FX-LMB F1 FX-FB FB
Exclusive FB stocking
Bois d’Arc n 108 81 8 7 0 12
Wr 107 107 106 102 --- 104
SE (0.7) (0.8) (2.4) (1.8) --- (3.0)
Greenlee n 147 12 0 9 12 114
Wr 120 114 --- 127 --- 121
SE (1.2) (2.7) --- (2.8) --- (1.4)
Monticello n 180 0 6 25 86 63
Wr 102 --- --- 98 98 107
SE (1.0) --- --- (1.8) (1.2) (1.5)
SWEPCO n 150 0 0 6 32 112
Wr 72 --- --- --- 73 72
SE (0.8) --- --- --- (1.2) (0.8)
Primary FB stocking
Atkins n 134 58 13 36 4 23
Wr 99 95 99 100 --- 109
SE (0.8) (1.0) (2.0) (1.2) --- (1.9)
Columbia n 60 3 47 8 1 1
Wr 96 --- 94 94 --- ---
SE (1.4) --- (4.5) (1.4) --- ---
Millwood n 190 95 87 6 2 0
Wr 97 97 98 --- --- ---
SE (1.1) (1.6) (1.7) --- --- ---
White Oak n 147 50 84 9 1 3
Wr 100 102 99 96 --- ---
SE (0.6) (0.9) (0.9) (2.6) --- ---
Mixed stocking protocol
Chicot n 150 85 49 14 2 0
Wr 99 99 101 100 --- ---
SE (0.9) (0.9) (1.5) (2.5) --- ---
Erling n 60 25 32 2 1 0
Wr 100 97 103 --- --- ---
SE (1.4) (1.7) (1.3) --- --- ---
Primary LMB stocking
DeGray n 349 245 98 3 3 0
Wr 93 93 89 --- --- ---
SE (0.7) (0.7) (1.1) --- --- ---
Ouachita n 425 313 110 1 1 0
Wr 90 90 91 --- --- ---
SE (0.4) (0.4) (0.8) --- --- ---
Total n 2100 967 534 126 145 328
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the remaining bass distinguished as FX-LMB (28%
and 26%, respectively).
Bass Phenotypes and Relative Weight
Relative weights of sampled fish were high for
most lake samples other than SWEPCO Lake (Table
1). Mean Wr of most other populations were at that
recommended by Anderson (1980) and Gutreuter and
Childress (1990) for quality bass populations, where
relative weight ranges of 95-105 are indicative of
optimal condition and deviations from this range
potentially indicate stresses related to growth, predator-
prey imbalances, population density, recruitment
problems or physiological abnormalities (Gutreuter and
Childress 1990).
There was no consistent trend between bass
phenotype and Wr. Six of the 12 lake bass populations
sampled showed significant differences in Wr among
phenotypes (Table 2). Four of these six significant
sample groups demonstrated bass having higher
proportions of FB alleles as having higher Wr than bass
having predominantly LMB alleles; the other two
samples were opposite this trend. Likewise, hybrid
vigor was not evident with these data. Few F1 hybrids
are found in these lakes studied, the phenotype thought
to have the fastest growth and greatest condition
(Kleinsasser et al. 1990; Noble 2002). ‘Pure’ species
had greater relative weights than hybrids in four of the
six samples. Therefore, differences in relative weights
between phenotypes may be only reflective of patterns
within an individual lake rather than hybrid vigor or
differential length-weight ratios of one phenotype
relative to another. Preliminary length at age data is
similarly inconclusive regarding hybrid vigor or
phenotype advantage (Allen 2009). Other studies
comparing bass phenotype to condition have similarly
had confounding results. For example, Fulton (1998)
identified no significant differences among phenotypes
in regards to relative weight for bass in two northern
Arkansas lakes, whereas other studies have shown FB
and F1 hybrids to have greater relative weights than
LMB in Oklahoma (Wright and Wigtil 1980) and
Texas (Inman et al. 1977); conversely, another study
showed stock sized FB to have lower relative weights
than LMB in Texas (Maceina and Murphy 1988).
Previous research has found that hybrid vigor is
lessened with further backcrossing (Philipp et al.2002).
That stated, previous studies have also relied on two
allozyme loci for determination of first or later
generation crosses (Philipp et al. 1983; Johnson and
Fulton 1999). With an increase in the number of loci
studied, it is possible that some fish previously
designated as F1 hybrids in allozyme studies were in
reality FX bass. We are continuing to increase both
lake sample sizes and number of lake populations
studied, which may provide further insight into this
question of hybrid or phenotype vigor among bass
species.
Table 2. ANOVA comparing Wr among bass phenotypes by lake.
Category/
Lake df F p Significances
Exclusive FB stocking
Bois d’Arc 3,107 1.53 0.211 None
Greenlee 3,146 3.81 0.026 F1 > LMB; p < 0.01
Monticello 2,167 11.77 < 0.001 FB > F1 = FX-LMB; p < 0.01
SWEPCO 1,143 0.43 0.513 None
Primary FB stocking
Atkins 3,104 16.92 <0.0001 FB > Fx-FB = LMB =F1; p<0.01
Columbia 1,54 0.13 0.720 None
Millwood 1,139 0.33 0.567 None
White Oak 2,142 3.58 0.031 LMB > F1; p < 0.05
Mixed stocking protocol
Chicot 2,142 1.40 0.250 None
Erling 1, 54 6.90 0.011 FX-LMB > LMB; p = 0.011
Primary LMB stocking
DeGray 1,342 5.99 0.015 LMB > FX-LMB; p = 0.015
Ouachita 1,422 0.79 0.375 None
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Conclusions
Although none of the lakes stocked solely with FB
were 100% pure FB, three of the four lakes were
numerically dominated by FB and FX-FB hybrids. The
renovation and stocking efforts for a pure FB stock of
Lake Bois d’Arc largely failed. The stocking of FB on
top of existing LMB stocks has resulted in limited
changes in phenotypes in southern Arkansas bass
populations, with the possible exception of Lake
Atkins. Among the four lakes stocked primarily with
FB a small proportion were identified as F1 bass
(11%). If hybrid vigor is a management goal of the
AGFC, then a more effective approach for increasing
numbers of F1 progeny must be developed. For
example, the AGFC is presently heavily stocking
isolated pockets of large reservoirs (Lakes DeGray and
Ouachita), in efforts to increase the numbers of F1
progeny on a local level.
There has been limited study regarding the long-
term stocking success of FB in large lakes and
reservoirs for several reasons. Included among these
reasons are the difficulties in accounting for dynamic
changes in habitat, a limited knowledge of resident
populations, unknown variables relating to dispersal of
stocked fish, and attaining an adequate sample size
relative to the population (e.g., Fieldhouse 1971,
Dunham et al. 1992, Buckmeier and Betsill 2002).
Forshage and Fries (1995) recommend that
introductions of FB occur for newly constructed
reservoirs, as established populations are difficult to
alter. Our phenotype analysis supports these
recommendations, as the greatest proportions of FB
and hybrids occurred in lakes initially stocked with FB
following construction or renovated lakes with a fish
kill (other than Lake Bois d’Arc). Smaller lakes (e.g.,
Lakes Atkins and Monticello) have also historically
had better records of FB incorporation (Forshage and
Fries 1995). The low success rate of FB stocking in
most lakes previously housing LMB populations may
also be attributed to predation of stocked fingerling FB
by larger fish of an established bass population or other
predators (Modde et al. 1996, Buckmeier et al. 2005,
Hoffman and Betolli 2005).
Lastly, to date, we have not identified hybrid vigor
in these Arkansas bass populations, nor is there a clear
demonstration of phenotype advantage in regards to
relative weight. Further work should be performed on
differing performance of bass phenotypes in regards to
relative weight and differing growth patterns in
Arkansas lakes, which perhaps represent the northern
limits of successful FB stocking.
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Abstract
Southwest Electric Power Company (SWEPCO)
Lake in northwest Arkansas is a thermal cooling pond
for the Flint Creek Power Station. This reservoir has
been regularly stocked with Florida bass (Micropterus
floridanus) on top of a pre-existent largemouth bass
(M. salmoides) population since its creation in 1976.
Allozyme analysis of diagnostic loci in 1995-1996
revealed that 62% of the alleles were Florida bass
alleles and that most fish were FX hybrids (77%).
Microsatellite analysis of diagnostic loci in 2006
revealed that 78% of the alleles were Florida bass
alleles and that most fish were FX-Florida hybrid bass
(59%), with the remainder designated as Florida bass.
The ongoing stocking of Florida bass and the
possibility of a selective advantage for Florida bass
alleles in a thermal pond may account for these
temporal reductions in largemouth bass allele
frequencies.
Introduction
The Florida species of largemouth bass
(Micropterus floridanis; FB) is commonly stocked in
southern U.S. lakes where populations of largemouth
bass (M. salmoides; LMB) are native. These two
putative species were until recently classified as
subspecies and have recently been proposed as separate
species (Near and Koppleman 2007). Due to
compelling genetic and meristic differences among
these two species, in addition to strong biogeographic
gradation, we will hereafter refer to these two fish as
separate species (FB and LMB). State fisheries
agencies often use the environmental variable of
heating degree days to determine the northern limits of
stocking FB (Gilliland 1992). Heating Degree Days
(HDD) are defined as the sum over all days of the
difference between 18.3 oC and the average daily
temperature for those days below that temperature
(Philipp et al. 1982). For example, a single day having
a temperature of 12.3 oC would contribute six HDD to
the total. The value of 3400 heating degree days,
which occurs in central Arkansas, is the critical value
used by both the Oklahoma Department of Wildlife
Conservation and Arkansas Game and Fish
Commission (AGFC).
SWEPCO Lake, located in northwest Arkansas
(36o 17’ N), has HDD greater than that recommended
for stocking FB (10 y mean = 3,450, SD = 450;
NOAA, 1984-1994). However, this lake functions as a
cooling reservoir for the coal-powered Flint Creek
Power Station and the water temperature remains quite
warm throughout the year (range 18-43 oC). Therefore,
water temperature is largely independent of the effects
of atmospheric temperature. SWEPCO Lake possessed
a resident LMB population of unknown size residing
within Flint Creek and has been stocked solely with FB
since impoundment. A brief stocking history of FB
fingerlings in this 215 ha reservoir is as follows: 1977,
n = 40,000; 1980, 8,000; 1998, n = 49,000; 1999, n =
25,000; and 2004, n = 28,000. In 1995-1996, Johnson
and Fulton (2004) used three diagnostic allozyme loci
to measure FB allele frequencies of 141 bass in this
reservoir. FB allele frequencies averaged 62% and
phenotypic data identified the majority of the lake bass
to be FX-hybrids (77%).
Recently, Lutz-Carrillo et al. (2006) published a
suite of microsatellite primers capable of
distinguishing between FB, LMB and their resulting
hybrids. Microsatellite loci are highly polymorphic
and are often used to finely resolve diversity within
populations, sub-populations and individuals (Angers
et al. 1995, Shaw et al. 1999, Banks et al. 2000). Our
goal therefore was to compare recent to historic bass
allele frequencies using these differing molecular
markers. We expected the continued FB stockings
since the initial allozyme study to reduce the frequency
of LMB alleles.
Methods
Fin clips were taken from bass (n = 150) collected
by boat electrofishing in 2006 and preserved in ethanol
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by the AGFC for genetic analysis. Control samples
from AGFC broodstock populations were also
obtained, with LMB controls from the Joe Hogan and
William Donham hatcheries in Lonoke (n = 33) and
Corning, AR (n = 45), respectively, and FB controls
from the Andrew Hulsey Hatchery in Hot Springs, AR
(n = 103).
DNA analysis consisted of four distinct
components: extraction, amplification, separation and
analysis. DNA extraction followed a modified phenol-
chloroform method (Saghai-Maroof et al. 1984).
Genotypes were amplified using seven microsatellite
loci: Mdo003, Mdo006, Msa021, Lma007, Lma12,
Msa13, and Msa29, with PCR specifications outlined
by Lutz-Carrillo et al. (2006). Amplification occurred
in two multiplex reactions: one reaction using the
primer sets Mdo003, Mdo006, Msa13 and Msa29,
whereas the second reaction contained the primer sets
Msa021, Lma007 and Lma12. Microsatellite primers
were synthesized with distinct fluorescent tags
(Integrative DNA Technologies, Coralville, IA),
specific for capillary electrophoresis using a Beckman-
Coulter CEQ8000 Genetic Analysis System. Fragment
sizes were determined by the fluorescent scanner and
manually confirmed.
Standard genetic diversity measures (alleles per
locus, heterozygosity and polymorphism) were
calculated for the bass population using GenAlEx6.1TM
(Peakall and Smouse 2005). Allele frequencies were
calculated for each locus and alleles were determined
to be exclusive to FB, LMB or shared between species
using the hatchery samples as controls.
The program STRUCTURE (Pritchard et al. 2000)
was first used with an admixture model with correlated
allele frequencies and default settings to establish pure
species lines and their hybrids (n = 321; 20,000 burn-
in steps; 200,000 Markov Chain Monte Carlo steps).
The result of this analysis was a statistical value for the
individual admixture proportion (q) of each individual
and for the population as a whole. Individual
admixture proportions were used to classify individuals
as either pure species or hybrid, following the 0.05
threshold used by Schwartz and Beheregaray (2008), in
order to limit Type I errors. Individuals with q ≥ 0.95 
were classified as pure LMB, whereas individuals with
q ≤ 0.05 were classified as pure FB.  All broodstock 
controls were within this threshold and distinguished as
pure species. Individuals having intermediate q-values
were classified as hybrid bass (FX-LMB, F1, and FX-
FB), as described below.
To further resolve bass phenotypes a second
STRUCTURE analysis was then performed
implementing the same criteria as previously, but with
“Population Information, K = 2” set to two generations
back. This analysis was used to determine the
probability that individuals were either pure species, or
first (F1) or greater (FX) generation hybrids.
Individuals of hatchery populations were included,
with FB categorized as a “1” and LMB as a “2.” First,
the analysis generated a relative probability that each
hatchery individual was categorized in the correct
group (pure FB phenotype or pure LMB phenotype,
respectively). Second, the analysis generated
probabilities that hybrid bass sampled were correctly
identified as F1 or FX hybrid bass.
Results and Discussion
Heterozygosity values were high for both allozyme
(except sMDH-B) and microsatellite loci, which we
expected due to their choice as loci as being both
polymorphic and discriminative among species (Table
1). Heterozygosity values ranged from 0.360 to 0.633
( = 0.549) among the 7 microsatellite loci, as
compared to 0.315 and 0.533, for the AAT-B and IDH-
B loci, respectively (Johnson and Fulton 2004). The
low heterozygosity for the sMDH-B locus (0.078) is
somewhat misleading, as alleles for this locus are not
fixed between species (Philipp et al. 1982). The LMB
possesses both the sMDH-B*1 and sMDH-B*2 alleles,
whereas the FB does not share the sMDH-B*1 allele.
Most alleles found in this population were the sMDH-
B*2 allele (Table 1). Microsatellite alleles per locus
ranged from 4 to 8, with a mean of 5.9 (versus 2 for
each allozyme locus). Heterozygosity and mean alleles
per locus of the SWEPCO Lake sample population
were also higher than that of the broodstock samples
(range of heterozygosities of 0.000 to 0.786, Allen
2009), as hatchery populations tend to have low
genetic diversity relative to wild populations (Miller
and Kapuscinski 2003). A total of 41 alleles were
identified within the SWEPCO Lake sample, which is
also more than hatchery broodstock samples (range of
24-38, Allen 2009).
Of the 41 microsatellite alleles identified, 20 were
designated as diagnostic largemouth bass alleles, 16 as
Florida bass alleles, 2 were shared between species,
and 3 were unique to the SWEPCO Lake sample. The
3 alleles unique to this sample may be remnants of
alleles from LMB native to Flint Creek or from FB of
previous brood stocks. For example, SWEPCO Lake
has a long- standing history of FB stocking dating back
to 1977, before broodstock hatchery programs were
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Table 1. Allele frequency and direct-count heterozygosity (HD.C.) using allozyme (1995-1996; n = 141) and microsatellite (2007; n = 150) data
for a bass population in SWEPCO Lake, AR.
Allozyme Loci Microsatellite Loci
AAT-B IDH-B MDH-B Mdo003 Mdo006 Ms021 Lma007 Lma012 Msa13 Msa29
FB 0.64 0.59 0.00 0.29 0.83 0.86 0.74 0.80 0.79 0.82
LMB 0.36 0.41 0.17 0.20 0.17 0.14 0.25 0.19 0.21 0.18
Shared 0.00 0.00 0.83 0.51 0.00 0.00 0.01 0.00 0.00 0.00
HD.C. 0.315 0.533 0.078 0.620 0.607 0.607 0.480 0.360 0.533 0.633
established in Arkansas. As a result, the early stocking
efforts were through direct-stock transfer from either
Florida lakes where FB are native, or from established
FB populations in Texas (C. Dennis, AGFC, pers.
comm.). Private alleles, however, only accounted for
2% of the alleles in the sample, and, due to lack of
ability to verify their ancestry, were discarded from
further analysis. Conversely, the shared alleles
accounted for 8% of the total alleles in the sample,
mostly from one allele in the Mdo003 locus, where it
represented 51% of the alleles of that locus (Table 1).
As the Mdo003 locus has a high percentage of
shared alleles, similar to the allozyme locus sMDH-B,
calculation of FB allele frequencies was performed
using the other 6 microsatellite loci. The FB alleles
accounted for 78% of the total, whereas 20% were
from the LMB alleles. These FB allele frequencies are
higher than found for allozymes by Johnson and Fulton
(2004). The two exclusive diagnostic allozyme loci
used by Johnson and Fulton (2004), AAT-B and IDH-
B, showed lower FB allele frequencies, 0.64 and 0.59
respectively, than this study (Table 1). Supplemental
stockings of FB in 1998, 1999 and 2004 may explain
the increase in FB allele frequencies. Selection may
also be involved in this temporal reduction in LMB
allele frequencies. Thermal selection has been
demonstrated for FB (or their alleles) as compared to
LMB, in the laboratory using enzyme kinetics (Hines
et al. 1983), artificial pond settings established in
different latitudes (Fields et al. 1987; Philipp et al.
2002) and in altered lakes serving as cooling ponds
(Childers 1979). Even though microsatellite alleles are
considered non-selective, phenotype selection on
individuals carrying certain allozyme alleles would
similarly impact microsatellite allele frequencies.
However, the persistence of LMB alleles within
this reservoir, despite receiving no stocks of LMB is
intriguing. A likely source of these alleles is the
original population of LMB within Flint Creek, prior to
the reservoir’s construction (Johnson and Fulton 2004).
These fish may have been established prior to the first
stocking event of FB. The recent stockings of FB were
in response to poor recruitment in the preceding years
(R. Moore, AGFC, pers. comm.). The success of
stocking fish on top of established populations has
been questioned due to heavy predation and
competition, possibly reducing genetic impacts of
stocking (e.g., Forshage and Fries 1995, Buckmeier et
al. 2003, Hoffman and Bettoli 2005). Nonetheless, the
high incidence of pure FB as defined by STRUCTURE
provides evidence of a high success rate of these
continued stocking efforts. A second possibility for the
high incidence of LMB alleles could be the result of
the early stocking efforts of FB, which were not
genetically verified as pure, as genetic methods for
distinguishing between the species of bass had not yet
been developed. LMB alleles may have been
unintentionally introduced as a result of contaminated
brood stock. Brood stock contamination in hatcheries
of several states including Arkansas has been
problematic, requiring extensive genetic testing to
reestablish pure lines (D. Brader, Manager, Hulsey
State Fish Hatchery, pers. comm., Harvey et al. 1980,
Philipp et al. 1982, Gilliland and Whittaker 1989).
Another source of LMB alleles could be from direct-
stock transfer by local fisherman and bass clubs, a
common practice by fishermen attempting to enhance
the fisheries of “their” lake (C. Dennis, AGFC, pers.
comm.).
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The software STRUCTURE identified an average
admixture proportion that was consistent with the
stocking history of this lake (q = 0.120). This value
indicates that LMB alleles, while common in the
overall frequency of the sample, have not diminished
the identity of the population from its traditional FB
ancestors. Phenotypic analysis using STRUCTURE
supports these findings, identifying 74.6% of the
sample population as being pure FB, and the remaining
fish being FX-FB hybrids (Table 2). The FX-FB hybrid
individuals were at least second generation hybrids,
and all were predominantly influenced by FB alleles
(low q values). These findings differed from those of
Fulton (1998), who found predominantly FX-hybrid
phenotypes (77%), as well as identifying pure LMB
and F1-phenotypes (Table 2). As discussed above, the
recent supplemental stockings of FB could contribute
to our increase in pure FB phenotypes.
The increase in the number of loci used in the
present study as compared to Johnson and Fulton
(2004) should provide greater resolution into bass
phenotype. For example, during the previous study
there were a small percentage of individuals diagnosed
Table 2. Phenotype frequencies of bass using allozyme (1995-
1996; n = 141; Fulton 1998) and microsatellite (2007; n = 150) data
for a bass population in SWEPCO Lake, AR.
Phenotype % Frequency
Allozymes Microsatellites
FB 11.0 41.0
FX-FB N/A 59.0
F1 9.0 0.0
FX-LMB N/A 0.0
FX 77.0 N/A
LMB 3.0 0.0
as pure LMB (3%). With the lack of reproductive
selection among species (Maceina et al. 1988; Gilliland
and Whittaker 1989; Philipp and Whitt 1991), there
were numerous generations for hybridization events to
take place; the presence of pure LMB in that study was
probably due to a Type II error. For example, the
mating of two individuals heterozygous for each of the
3 allozyme loci previously studied could result in the
diagnosis of a ‘pure’ LMB offspring 1.6% of the time
by probability (1/43); other allelic combinations where
a mating individual was homozygous for one locus
would further increase the probabilities of a Type II
error. With an increase in the number of loci studied to
7 as in this study, the probability of a heterozygous
mating resulting in the diagnosis of a ‘pure’ LMB
offspring drops to < 0.01%. Nonetheless, most
individuals diagnosed in the present study using
STRUCTURE were identified as pure FB. A
membership coefficient of 0.95 or greater was used for
the discriminating of species, common to studies of
this type (Schrey et al. 2006, Schwartz and
Beheregaray 2008).
Conclusions
Here, we present a study of a lake that has
historically been stocked with only FB and been
previously evaluated with allozyme markers. Although
we used differing molecular tools, loci used were
diagnostic among species and useful for distinguishing
bass phenotypes. Over the decade between studies we
found both an increase in FB allele and phenotype
frequencies, which may be associated with the
continued stocking of FB or the selection of those
alleles and phenotypes in an altered setting. Our
microsatellite phenotypic data is consistent with the
lake’s stocking history of pure FB. Florida bass were
detected in high frequency, despite the presence of
LMB alleles. This data suggests that microsatellite
analysis is an effective tool for evaluating stocking
success in fisheries management.
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Abstract
Knowledge of physical and chemical properties of
soil is relevant for landowners, researchers, and
foresters, so that appropriate crop species and
management practices to maximize site productivity
can be selected. In addition to issues of plant
productivity, the need for assessing soil properties has
been expanded due to public interest in determining the
consequences of management practices on soil quality
relative to sustainability of crop ecosystem functions.
The USDA-Natural Resources Conservation Service
(NRCS) delineated soil mapping units to provide
information about physical and chemical properties of
soil in each soil series. However, soil mapping units do
not provide details about the variability of soil
properties within a single soil series. To determine the
variability of physical and chemical properties within
Amy soil series, 200 soil samples were collected to a
depth of 0–15cm and 15–30cm from soil individuals
mapped as the Amy silt loam soils in five different
locations in southeastern Arkansas. Comparisons of
soil texture, bulk density, carbon, nitrogen, Mehlich III
extractable macronutrients, and micronutrients
revealed significant differences among soil individuals/
locations for both depth increments. Additionally, all
nutrients except potassium, magnesium, and copper
differed between the two soil depths. The results
suggest inherent variation in biogeochemical and
geochemical cycling in the surface horizons of soils
mapped as the Amy series.
Introduction
In the absence of an existing forest stand,
knowledge of physical and chemical properties of soil
is relevant for landowners, foresters, and researchers,
to assess the potential productivity of sites, to select the
appropriate forest tree species and management
practices to maximize forest productivity (Baker and
Broadfoot 1979). In addition to issues of plant
productivity, the need for assessing soil properties has
been expanded due to public interest in determining the
consequences of management practices on soil quality
relative to the sustainability of forest ecosystem
functions (Schoenholtz et al. 2000). Physical properties
of soil, such as soil texture, structure, bulk density, and
soil porosity, determine nutrient and water holding
capacity, root growth and development, gas exchange,
biological activities, and carbon budget in the soil
(Kelting et al. 1999). Soil chemical properties
determine the availability of nutrients for plant growth
as well as influence soil microbial activities, and these
properties along with soil biogeochemical processes
determine the availability of nutrients, water, and their
respective cycles. Since soil is a natural dynamic body,
physical and chemical properties of soil across regions
change over space and time. Information about the
variability of physical and chemical properties of soil
across a landscape over time is valuable for precision
farming, environmental monitoring, soil quality
assessment, and forest management (Viscarra Rossel et
al. 2006, Cohen et al. 2007).
The USDA-Natural Resource Conservation
Service (NRCS) delineated soil mapping units based
on the soil-landscape paradigm and modal to
demonstrate physical and chemical properties of soils
in a region (Soil Survey Staff 2006). The soil-
landscape paradigm holds that soil properties are
predictable in a particular landscape because of the
distinct sets of observable properties such as climate,
living organism, parent materials, topography, and time
(Hartung et al. 1991). Based on these distinct soil
characteristics across a region, soil scientists delineated
the individual soil series on aerial photographs.
However, soil maps published in the county soil
surveys are not sufficient for describing patterns in
variation of soil properties that occur within fields or
parcels of land and across a region. The recognition of
soil diversity and variability can be a valuable
contribution toward the evaluation and beneficial use
of soil resources in the future. Additionally,
characterizing spatial variability and distribution of
chemical properties within a single soil unit, including
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climate, land use, landscape position, and other
variables, is critical for predicting rates of ecosystem
processes, understanding how ecosystems function
(Wang et al. 2001), and assessing the effects of future
land use change on nutrients (Kosmas et al. 2000).
In southeastern Arkansas, the Amy soil series is
one of the prominent soils extending from the Western
Gulf Coastal Plain of Arkansas, Louisiana, Oklahoma,
and Texas and to the Southern Gulf Coastal Plain of
Alabama and Mississippi (Soil Survey Staff 2006). The
Amy soil series was first established in Ouachita
County, AR, 1969. This series was formed in loamy
coastal plain sediments, which were originally covered
by mostly mixed pine and hardwoods on the upland
flats and hardwoods on the flood plains. The surface
soils have fine texture, granular structure, many fine
roots, acidic, and clear smooth boundaries, while
subsurface soils are fine, distinct, yellowish brown
mottles, subangular blocky structures, and wavy
boundaries. Some areas of these soils commonly flood
a few times each year, usually during winter and early
spring. In most years, a seasonally high water table is
within 12 inches of the soil surface from December
through April (Soil Survey Staff 2006).
The Amy soil series is a deep, frequently flooded,
poorly drained soil with a low natural fertility and high
available water. Although this soil series has low
natural fertility, high seedling mortality and erodibility,
it has high potential productivity for some forest trees,
e.g. site index for loblolly pine, sweet gum, and water
oak is 90. Additionally, this soil also favors the
growing of cottonwood, green ash, sycamore, and oak
forests (Larance et al. 1976). The frequency with
which these soils occur along streamside management
zones (SMZs) also makes their management important
for preserving or improving water quality (Soil Staff
Survey 2006). These soils are often disturbed with less
frequency and intensity during forest management
activities in comparison with other Amy series phases
due to the implementation of Best Management
Practices (BMPs) for water quality protection. The
NRCS provides general information about physical,
chemical, and hydrological properties of this soil
series, but it does not provide enough information
about the variability of physical and chemical
properties across the soil individuals mapped as Amy
silt loam associated with their best management. This
research was initiated to determine the variability of
the physical and chemical properties of soil individuals
mapped as Amy series so that foresters, researchers,
and landowners can apply best management practices
to maximize forest production with the minimal
disturbance as well as preserve water quality in SMZs.
Materials and Methods
The study sites were located on University of
Arkansas-Monticello (UAM) Forest in Drew County,
Arkansas. Plot boundaries were defined as by the area
mapped as Amy series soils. Two soil research plots
were located in the “East Block” tract of UAM forest:
one plot/map unit was 2.5 hectares in size, while the
second was 14.6 hectares in size. Similarly, one 3.3
hectares research plot was located on the “West Block”
tract of UAM forest and on the “North Block” tract of
the UAM forest, a 7.7 hectares research plot was
established. The fifth research plot was a 19.4 hectares
area located on the UAM forest known as “POW
camp”. The NRCS web soil survey 2.0 (USDA-NRCS,
2006) was used to identify the Amy silt loam soils in
the five different sites.
Sampling Techniques
Soil Sampling
Forty soil samples were collected for both the 0-15
cm and the 15-30 cm soil depths from each sites/soil
individuals, using 2 cm diameter fixed volume core
samplers resulting in a total of 400 soil samples.
Because of the hard pan in sub-surface soil due to high
clay contents, it was very difficult to take soil samples
with full soil volume in sampler cores for bulk density
at the depth of 15-30 cm accurately. Additionally,
small change in soil volume in fixed core samplers
largely influences bulk density. So, bulk density was
determined only for the depth of 0-15 cm from each
plot. Prior to collecting the soil samples, organic litter
was removed from the soil surface to minimize the
contamination of mineral soil because
compounds/elements in organic litter are not
mineralized yet and unavailable for the plant.
Systematic transect sampling was followed to collect
the soil samples. A Trimble GPS unit with soil map
unit data preloaded was used to establish sampling
locations and plot boundaries. Distances between
samples along a transect were also adjusted based on
the size of soil map unit. To avoid boundary effects,
soil samples were collected at least 5m away from the
boundaries. To minimize the temporal variation of soil
properties among the different locations, soil sampling
was completed within a two-week period (May 22 –
June 4, 2008). Furthermore, soil samples from each
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depth were handled independently to eliminate
contamination with each other. Roots, twigs, rocks,
debris, and unmineralized organic matter were also
removed from the soil samples. Finally, soil samples
were kept in clean and tightly sealed plastic bags. Soil
samples were stored in a cooler at 10 0C to reduce
microbial activity and soil respiration because these
activities alter the chemical composition of soil
through various biological and physiochemical
processes (Fisher and Binkley, 2000).
Sample Preparation and Analysis
Soil Nutrient Analysis
Soil mineral samples for nutrient analyses from
each soil individuals were air-dried in clean aluminum
pans for 72 hr or until the sample was sufficiently
dried. The large pieces of soil samples were broken
thoroughly so as to pass through a 2 mm sieve by using
a Ro-Tap sieve shaker. At the same time, the remaining
roots, twigs, branches or other organic litters were also
removed from the samples. The percent carbon,
percent nitrogen and C:N ratios for each sample were
determined by catalytic tube combustion using an
Elementar VarioMax CN Elemental Analyzer. For
other macro- and micro-nutrients such as N, P, K, Ca,
Mg, Na, Fe, Mn, Zn, Cu, and B concentrations in the
soil samples, Mehlich III extractions (1:10) and
Spectro Ciros Inductively Coupled Plasma
spectrophometric analyses (ICP) were used.
Soil pH
Soil pH was measured with a pH meter using a 1:2
soil-to-water ratio. Ten grams of air-dried, grounded
and sieved soil samples were mixed with 20 ml of
deionized water. Suspension was stirred thoroughly
and allowing the mixture to settle for 30 minutes. The
pH meter was calibrated with buffer solutions of pH
4.0 and 7.0. After calibration, the pH for each soil
sample was recorded when the reading was constant
for 15 seconds.
Soil Physical Analysis
Soil Texture
Soil texture was determined by the Bouyoucos
Hydrometer method (Kalra and Maynard 1991). For
each sample, 50 g of soil was mixed with 50 ml of
Calgon solution (10% sodium hexametaphosphate
solution) and shaken overnight to disperse soil colloids
prior to sedimentation analyses. After overnight
shaking, each soil sample was poured into a 1-liter
graduated cylinder and mixed with de-ionized water to
the 1000 ml mark. Additionally, a blank sample
consisting only of Calgon solution was run with each
set of samples to facilitate the required temperature
adjustments of suspension density readings.
Hydrometer readings were taken at 40 s and 2 hr, and
after adjustments for temperature, the sand, silt and
clay contents were determined by standard methods
(Kalra and Maynard 1991).
Bulk Density
Soil samples from each location were oven dried at
105 0C for 24 hr prior to soil mass determination. Soil
bulk density was determined by dividing the mass of
soil by the total volume of the soil core. No
adjustments for coarse fragment contents were
required.
Statistical Analysis
Shapiro-Wilk tests were conducted to test for non-
normality of distributions for the variables of interest,
and Levene’s tests as ANOVA-based inferential
statistics were used to test for heterogeneity of the
variance structure of the physical and chemical
properties of soil individuals mapped as Amy silt loam
soils. Two-factor ANOVA was used to determine the
variation of chemical and physical properties of Amy
silt loams across locations and between the soil depths
except for bulk density and nitrogen. For bulk density,
one factor ANOVA was used to determine the
variability of bulk density across the different research
plots mapped as Amy silt loam soils (α = 0.05). 
Tukey’s HSD (Honestly Significant Difference) test
was used for multiple comparisons in conjunction with
the ANOVAs to distinguish which means were
significantly different from one another (α = 0.05). 
Since carbon followed a non-normal distribution, non-
parametric Kruskal–Wallis ANOVA test was used, and
a Z-approximation adjusted for the number of multiple
comparisons was used to compare carbon content
among soil individuals and between the soil depths.
Results and Discussion
Mean, standard deviation, minimum, and
maximum values for each soil attribute at the depth of
0-15 cm and 15-30 cm are given in Table 1. The results
demonstrate that nutrient concentrations in the surface
soil are higher than in sub-surface soil. Additionally,
calcium, magnesium, iron, and potassium exhibited
greater variation as compared to other nutrients at both
soil depths of 0-15 cm and 15-30 cm.
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Soil physical properties revealed significantly
differences among soil individuals and between soil
depths (Table 2). The results showed that sand content
in the West Plot (WP) and North Plot (NP) was
significantly different as compared to the East Plot 1
(EP1), East Plot 2 (EP2), and POW camp, but there
were no differences in sand content among EP1, EP2,
and POW camp, and between WP and NP plots (Table
4). Silt content in the NP and EP2 plots were
significantly different as compared to EP1, WP, and
POW camp (Table 4). Similarly, it was observed that
clay contents were significantly different among EP1,
POW camp, and EP2 sites. However, clay content was
not different between WP and NP, and EP1 and EP2
sites (Table 4). Soil bulk density did not differ between
WP and EP1, EP2 and NP, and NP and POW camp
(Table 4). Since this soil series occurs frequently in
SMZ, variation in particle size distributions was due to
natural disturbances i.e. flooding and anthropogenic
activities in addition to the inherent biogeochemical
processes in the soil. In the Amy soil series, soil
surface is flooded at least six months in a year
(Larance et al. 1976).
The transportation and deposition of soil materials
by small creeks/streams in soil individuals mapped as
Amy silt loam were the most influencing factors to
redistribute soil particles across locations and between
depths (Nearing et al. 1989). Since the variation in soil
macro- and micro-nutrients across soil mapping units
(Tables 2-5), it influences soil anthropogenic activities
with more microbial activities in the nutrient-enriched
ambient sites that influences inherent soil
biogeochemical processes (Sopher and Baired 1982).
The increased biogeochemical processes in soil
accelerate the disintegration of mineral soil particles to
fine sized particles and vice versa. Other activities like
wildfire burning altered soil textures by producing a
finer particle due to an increase in silt fraction resulting
from the decomposition of sand grains (Ulery and
Graham 1993, Ketterings et al. 2000). Variation in soil
physical properties at depth increments occurs mainly
due to different soil horizons in the surface and sub-
surface (Larance et al. 1976). Because of different
distribution of particles sizes across the sites, bulk
density was also varied accordingly (Fisher and
Binkley 2000). Variation in bulk density is also
associated with the amount of water content in soil
because it affects soil aggregations (Augeard et al.
2006). Furthermore, different tree species and
management activities among soil individuals also
revealed the level of soil aggregations, soil
compaction, and organic matter contents within a
single soil series. Intensive forest management through
the use of heavy equipment at the different times
increases soil strength and compaction leading to
increase bulk density with reduced soil porosity.
However, the rate of change However, the rate of
change in bulk density, porosity, and soil strength was
varied among soil textural classes (Gomez et al. 2002).
Total carbon, total nitrogen, C:N ratio, phosphorus,
potassium, calcium, magnesium, and sulfur were
significantly different among sites (Table 2). Similarly,
these soil chemical parameters were significantly
different between soil depths except for potassium and
magnesium (Table 3). Total carbon and nitrogen
contents in the NP were significantly different as
compared to their content in other locations. However,
carbon and nitrogen contents were no differences
between EP2 and WP, and POW camp and EP1 sites.
Similarly, C:N ratio was not significantly different
between NP and EP2, and WP and EP1 sites.
Phosphorus content in the NP was significantly
different as compared to other locations. Similarly,
calcium content was not different between NP and WP,
and among WP, EP2, and POW camp (Table 4). Sulfur
content was not different among NP, EP2, and POW
camp, and between WP and POW camp, and between
POW camp and EP1 sites. Potassium and magnesium
contents in NP site were significantly different as
compared to their contents in other locations (Table 5).
Additionally, other soil micronutrients, such as
copper, zinc, iron, and sodium, as well as soil pH, were
significantly different among soil individuals. These
soil chemical properties were also significantly
different across soil depth increments except for copper
(Table 2 and 3). Copper, iron, and zinc contents in NP
were significantly different as compared to their
content in other locations. However, copper and iron
concentrations in EP1, EP2, and POW camp were not
significantly different. Similarly, iron content was not
significantly different among WP, EP1, and POW
camp. Sodium concentration was not significantly
different between NP and WP, WP and EP2, and EP2
and EP1 sites. In addition to soil macro- and
micronutrients, soil pH was not significantly different
between EP1 and WP, WP and EP2, EP2 and POW
camp, and POW camp and NP (Table 5). The physical
and chemical properties of Amy soil series measured
among soil individuals had interaction between sites
and depths, but they were not significantly different.
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Table 1: Mean, standard deviation, minimum, and maximum values physical and chemical properties of soil mapped Amy series at the depth of
0-15 cm and 15-30 cm.
Soil parameters Surface soil (0-15 cm) Subsurface soil (15-30 cm)
Mean Standard
Deviation
(SD)
Minimum Maximum Mean Standard
Deviation
(SD)
Minimum Maximum
1. Sand (%) 30.88 10.52 3.52 59.04 27.34 12.18 6.54 66.01
2. Silt (%) 44.71 9.49 14.50 61.96 41.85 11.19 2.00 64.00
3. Clay (%) 24.41 9.88 10.98 75.98 30.94 14.09 10.00 76.00
4. Bulk density
(Mg m-3)
1.74 0.14 1.30 2.06 - - - -
5. Nitrogen
(g kg-1)
0.80 0.40 0.10 2.40 0.70 0.40 0.20 3.60
6. Carbon
(g kg-1)
11.70 5.40 1.10 33.90 8.40 5.10 2.60 31.20
7. C:N ratio 14.38 2.65 2.40 22.57 12.63 5.10 2.60 31.20
8. Soil pH 5.06 0.30 3.84 5.93 4.92 0.24 4.10 5.77
9. Phosphorous 5.80 4.63 2.00 37.80 3.77 4.71 0.24 55.90
10. Potassium 81.00 50.64 29.00 340.00 86.26 62.90 4.26 396.40
11. Calcium 407.00 284.72 10.00 1792.00 279.10 227.86 0.83 1897.00
12. Magnesium 188.00 539.52 19.00 7500 179.40 172.84 4.45 1382.00
13. Sulfur 15.30 24.08 4.40 215.10 23.76 42.01 1.37 475.80
14. Sodium 13.70 9.02 5.30 85.40 17.28 13.95 0.56 118.40
15. Iron 149.00 63.31 67.00 521.00 108.72 58.69 3.04 442.30
16. Zinc 3.10 2.55 0.70 14.90 2.31 1.71 0.16 12.72
17. Copper 5.30 2.94 1.10 15.90 5.72 3.18 0.11 24.11
All units are mg kg-1 unless otherwise noticed.
Table 2: Different parameters of soil measured across the soil individuals mapped as Amy series
Parameters Data Transformation F-value pr>F
1. Sand Square Root 26.72 <0.001
2. Silt Square Root 13.98 <0.001
3. Clay Square Root 61.01 <0.001
4. Bulk Density Logarithmic 25.68 <0.001
5. Nitrogen Square Root 69.17 <0.001
6. C:N ratio Logarithmic 11.72 <0.001
7. Phosphorus Logarithmic 43.92 <0.001
8. Potassium Logarithmic 67.39 <0.001
9. Calcium Square root 38.77 <0.001
10. Magnesium Logarithmic 59.68 <0.001
11. Sulfur Logarithmic 11.15 <0.001
12. Soil pH Logarithmic 8.31 <0.001
13. Zinc Logarithmic 81.17 <0.001
14. Iron Logarithmic 27.44 <0.001
15. Copper Logarithmic 17.92 <0.001
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Table 3: Different parameters of soil measured between the soil depths mapped as Amy series
Parameters Data Transformation F-value pr>F
1. Sand Square Root 18.70 <0.001
2. Silt Square Root 8.78 <0.001
3. Clay Logarithmic 51.87 <0.001
4. Nitrogen Square Root 48.81 <0.001
5. C:N ratio Logarithmic 65.46 <0.001
6. Phosphorus Logarithmic 179.87 <0.001
7. Potassium Logarithmic 0.00 0.982
8. Calcium Square Root 46.11 <0.001
9. Magnesium Logarithmic 1.86 0.173
10. Sulfur Logarithmic 17.27 <0.001
11. Soil pH Logarithmic 31.15 <0.001
12. Zinc Logarithmic 30.03 <0.001
13. Iron Logarithmic 113.18 <0.001
14. Copper Logarithmic 2.76 0.098
15. Sodium Logarithmic 8.56 0.004
Table 4: Comparison of soil parameters measured across the soil individuals mapped as Amy series
Sites Sand
(%)
Silt
(%)
Clay
(%)
Bulk
Density
(Mg m-3)
Total
Carbon
(g kg-1)
Total
Nitrogen
(g kg-1)
C:N
ratio
Phosphorus
(mg kg-1)
Calcium
(mg kg-1)
POW camp 34a 36c 30b 1.64c 7.33c 0.57cd 12.85c 2.93c 115.20c
East plot 2
(EP2)
32a 45a 23c 1.71b 9.65b 0.67b 14.40b 3.61b 312.20b
East Plot 1
(EP1)
30a 47a 23c 1.80a 7.74c 0.51d 12.85c 2.62c 115.20c
West Plot
(WP)
23b 43ab 34a 1.85a 9.16b 0.61bc 12.85c 3.77b 363.20ab
North Plot
(NP)
21b 40bc 39a 1.66bc 15.83a 1.09a 14.52b 6.47a 450.80a
Values with same superscript within column are not significantly different.
Table 5: Comparison of soil parameters measured across the soil individuals mapped as Amy series (continued)
Sites Sulfur
(mg kg-1)
Potassium
(mg kg-1)
Magnesium
(mg kg-1)
Copper
(mg kg-1)
Sodium
(mg kg-1)
Iron
(mg kg-1)
Zinc
(mg kg-1)
Soil pH
North Plot
(NP)
16.38a 118.8a 251.24a 6.84a 17.50a 160.65a 4.68a 4.86c
West Plot
(WP)
9.41c 76.33b 120.88b 4.80b 15.75ab 81.85c 1.59c 5.02ab
East Plot 2
(EP2)
14.78a 90.50b 150.98b 4.95b 13.00bc 112.16b 2.31b 4.97b
East Plot 1
(EP1)
14.16ab 52.67c 90.50c 4.41b 12.00c 105.10b 1.69c 5.09a
POW Camp 11.09bc 41.26c 56.10d 3.50c 8.52d 120.86b 1.43c 4.95bc
Values with same superscript within column are not significantly different.
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Since soil forming factors within a single soil
series are common, it is assumed that the physical and
chemical properties of soil mapped as a single soil
series are more homogenous than the properties across
soil series. Variation in soil properties is driven by
natural disturbances such as flooding and
anthropogenic activities as well as human driven
management activities i.e. site preparation, plant
cultivars and species, tree composition, total tree
species per unit area, intercultural practices and
harvesting techniques (Nyland 2002). Tree species
composition and past management activities in
different sites are the important driving factors
affecting soil nutrient composition. The POW camp
composed of sweetgum, bottomlands and mixed
hardwood species without management activities e.g.
nutrient management, thinning, weed control, herbicide
and pesticide management. Pine, white oak and
southern red oak were predominately found in EP2.
This site was thinned in 1996, but others management
activities were not conducted. EP1 consists of entirely
pine tree species and thinned in 1996 and 2004. NP
consists of mainly mixed hardwood and bottomland
species and has no management activities. Pine and
mixed hardwood species were predominant in the WP.
However, no management activities conducted in this
site. Forest management activities, species
composition, and canopy characteristics within a soil
series are the prevalent factors that not only influence
soil properties but also modify the physical and
chemical properties of soils accordingly to be suitable
for the growth of a particular species (Kiser et al.
2008).
Soil macronutrients originating from organic
sources are important for the healthy functioning of
forest ecosystems as well as for environmental
concerns such as climate change and global warming.
Organic sources such as biological N-fixation,
atmospheric deposition, decayed roots, twigs, leaves,
stems, root exudates, and other detritus are the
storehouse for carbon, nitrogen, and sulfur (Sopher and
Baired 1982). Depending upon plant species, soil
organic matter contains a large amount of carbon,
nitrogen, phosphorus, potassium, calcium, magnesium,
and sulfur as compared to other micronutrients.
Decomposition of soil organic matter is governed by
site conditions such as soil temperature, moisture,
texture, microbial activity, as well as physical and
chemical composition of organic litter (Giardina et al.
2001). In addition to site factors, forest canopy
architectures influence the rates of key soil processes
involved in nutrient cycling by altering physical
environment in forest stands (Prescott 2002). Forest
canopy architecture also alters the hydrological
properties in soil by removing water through
transpiration and reducing the direct impact of
precipitation on the soil surface that influences the
magnitude of nutrient losses through leaching or
overland flow in soils (Nyland 2002). Because of
different species composition within a single map unit,
variation in tree canopy structures induces
localized/microclimatic variations among each forest
composition. The latter can then influence soil
biogeochemical and geochemical processes resulting in
nutrient compositions in forest soils. Soil temperature
and moisture are important factors that influence soil
microbial activities, resulting in rapid mineralization of
organic matter and weathering of minerals under high
soil temperature and humid conditions that lead to the
release of soil nutrients (Fisher and Binkley 2000,
Prescott 2002). Furthermore, different types of forest
species within a soil series influence rate of soil
respiration by altering soil microclimate and structures,
quality and quantity of detritus supply, and overall rate
of root respiration because it affects the microbial
activities that ultimately influence the overall soil
biogeochemical processes (Raich and Tufekcioglu
2000).
On the other hand, uptake and accumulation of soil
nutrients in tree biomass can be significant factors for
driving soil nutrient variation within a single mapping
unit (Johnson and Todd 1990). Since soil-plant transfer
of nutrients is important in nutrient cycling, absorption
of soil nutrients by tree species should be accounted for
because each tree species has distinct physiological
function and rooting behavior. Hardwood species have
extensive root systems that exploit more nutrients and
space as compared to that of conifers (Whittakar et al.
1974, Bockheim 1997). The nutrient demands for
hardwood species far exceed those of conifers, with
deciduous trees often containing twice as much Ca,
Mg, and K in their aboveground biomass (Whittakar et
al. 1974, Bockheim 1997). Additionally, plant roots
exude some organic compounds that are also
responsible for weathering of minerals by providing
the essential nutrients for soil flora and fauna.
Furthermore, soil nitrogen fixation and mycorrhizal
association with plant roots are the potential sources of
nutrients for some of forest species like conifers, mixed
hardwood and bottomland species (Fisher and Binkley
2000). All of these factors are directly or indirectly
responsible for the variation in physical and chemical
compositions within a soil series.
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For soil nutrients from mineral sources,
microclimatic variation is the primary driving agent
that influences biogeochemical processes within a
single map unit. Variations in particle distributions
were observed across different locations and depths.
Nutrient concentrations across a soil series were found
to be different by altering soil water availability,
porosity and surface area (Scott et al. 1996). Soil
dominated by higher clay content has a higher amount
of carbon and nitrogen than soil dominated by silt and
sand content (Stevenson 1986). Since the Amy soil
series is wet more than 6 months, different rates of
wetting and drying of soil throughout the year within a
single soil series influences the flushes of nutrients in
soil (Stevenson 1986). Wetting and drying of soil
influence oxidation and reduction reaction (redox
reaction) in soil that ultimately affects soil
biogeochemistry, pedogenesis, and ecological
functioning of ecosystem. The major reactions that
occur in hydrated soil are nitrification, denitrification,
Mn reduction, Fe reduction, SO4 reduction, and
methanogenesis (Yu et al. 2007). Direction of drainage
and mass flow of nutrients from or into this soil series
due to flooding and surface runoff are other potential
driving forces that affects soil nutrient composition.
Furthermore, different rates of nutrient leaching from
the surface and subsurface at different soil sites and
depth increments within a single mapping unit
influence soil macro- and micro-nutrient
concentrations. Calcium concentration in soil is largely
influenced by its accumulation and sequestration in
forest biomass and detritus, while magnesium content
is varied by leaching from the soil surface (Johnson et
al 2007). Potassium is such a mobile element that it is
easily leached from soil surface or taken up by plants.
Due to leaching from soil surface, magnesium,
potassium and copper were not significantly varied as
soil depth increments (Stevenson 1986).
The results revealed that the variation in physical
and chemical properties of soil across a single mapping
unit because the behavior of soil chemical properties
i.e. both macro and micronutrients is very complex
because numerous processes operate simultaneously
and vary continuously over time period (Hesterberg
1998). The “hot spots” and “hot moments” at a
landscape over time are also common processes that
expedite the biogeochemical process in soil resulting in
soil heterogeneity (McClain et al. 2003). Additionally,
the change in nutrient concentration and their
distribution is the great concern because it not only
affects the plant nutrition but also influences the
environmental quality. However, based on information
about tree species and management activities in each
soil individuals, it is very difficult to tract out nutrient
cycles for each nutrient and particular factors
influencing for soil macro and micronutrients.
Variation in soil nutrients across a single series is the
result of combined factors of natural and human driven
activities. It is difficult to point out one factor is
responsible for a particular nutrient at the particular
location that makes significantly different as compared
to their content in the other sites. However, nutrient
dynamics at each site is the main driven force for
determining physical and chemical properties of soil
within a soil mapping unit at the different locations and
depth increments.
Conclusion
The USDA-NRCS conducts soil surveys and
develops soil maps for the United States with the aim
of providing information about the physical, chemical,
and biological properties of soils. Based on these
maps, researchers, landowners, agronomists, and
foresters can better apply management practices to
maximize crop production while minimizing both input
costs and loss of ecosystem services. Since the stage of
pedogenetic development is the same for a single soil
series, much of the variability of physical and chemical
properties in surface horizons within a single series is a
function of land management activities such as site
preparation, plant species composition and density,
nutrient and fertilizer management, harvesting
techniques, and other cultural activities. In addition to
appropriate management activities for maximizing crop
production, anthropogenic activities may influence the
biogeochemical processes in soil that can result in
changes in physical characteristics, nutrient
composition and other soil properties across soil
mapping units. The variability found in this study of
surface physical and chemical properties of soils
mapped as Amy silt loam suggests site-specific
management can be expected to improve forest
production and maintain or improve soil quality for
environmental concerns.
However, effective site-specific management that
incorporates intra- map-unit variability will require
intensive and expensive georeferenced soil sampling
and analyses that are cost prohibitive for many
silvicultural and some agricultural systems. Through
the use of new soil analytical procedures, costs may be
reduced, and with greater demands for both production
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and environmental protection, precision agriculture and
silviculture become more economically viable.
While the USDA-NRCS soil survey provides good
data on the general properties of soil individuals/ map
units, the “modal pedon” concept underlying map unit
delineation does not provide information about the
variation among soil individuals within a soil series.
Recognition of this variation becomes more important
as the intensity of management increases.
Accordingly, when silvicultural prescriptions include
high inputs for production, the results of this study
suggest that relying upon the published soil survey data
alone will neither facilitate production maximization
nor ecosystem services protection.
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Abstract
The homoleptic ruthenium(II) complex
Ru(C13H10N2)3(PF6)2, and heteroleptic ruthenium(II)
complexes Ru(C13H10N2)2(C10H8N2)(PF6)2, and
Ru(C13H10N2)(C10H8N2)2(PF6)2 have been prepared by
following the standard synthetic procedure. These
complexes were then purified by repeated column
chromatography. The identity and the integrity of the
complexes were confirmed by elemental analysis and
mass spectroscopy. The calculated and the
experimental values for the elemental analysis were in
good agreement. The calculated and the experimental
molar masses obtained were also identical. Ultraviolet-
visible absorption and emission spectroscopic methods
were used to investigate the properties of these
complexes. The absorption spectra of all complexes
consist of a series of absorption bands in the ultraviolet
and visible region. All three complexes show a strong
emission band in the visible region. The emission
maxima for the heteroleptic complexes are slightly red-
shifted.
Introduction
There is an intense interest in designing molecular
systems that will absorb visible sunlight, initiate an
electron-transfer process, and ultimately convert solar
energy to useful chemical energy (Kalyanasundaram
1987, Parmon and Zamarev 1989). The study of the
photophysical and photochemical properties of
transition-metal complexes is of great interest.
Recently, most of the attention in this field has been
focused on polypyridine complexes of ruthenium(II) as
components of solar-energy conversion schemes (Jures
et al. 1988, Kalyanasundaram 1982). These complexes
offer desirable redox properties, excited-state
reactivity, luminescent emission, and excited-state
lifetimes. Ruthenium polypyridine complexes have
been investigated for use in artificial photosynthesis
and many biological electron-transfer processes. It has
been documented that ruthenium polypyridine
complexes have potential use as efficient
photoinitiators in electron-transfer studies (Winkler et
al. 1982). This has prompted us to further investigate
the properties of such complexes.
The transition-metal complex ion tris(2,2′-
bipyridine)ruthenium(II) (known as Ru(bpy)32+, where
bpy =  2,2′-bipyridine) has been intensely studied since 
the early 1960s. This interest arises from the suitability
of this complex for systematic investigations of
structural and electronic properties that influence the
photophysical and photoredox processes. Numerous
studies have been done on tuning the redox and
excited-state properties of ruthenium(II) polypyridine
complexes by the modification of ligands (Rillema et
al. 1983, Ernst and Kaim 1989, Kawanishi et al. 1989,
Lever 1990). A fundamental problem is determining
which ligand modifications can produce a favorable
excited state and redox properties and can alter
inherent photophysical and photoredox properties of
the parent complexes in an advantageous manner.
Many electron-transfer studies require attention to this
matter. This research is directed at gaining a better
understanding of photophysical and photoredox
properties of the homoleptic and heteroleptic targeted
complexes in order to facilitate the design of electron-
transfer studies.
In this paper, we report efficient synthetic methods
for the preparation of Ru(Me-phen)3(PF6)2, Ru(Me-
phen)2(bpy)(PF6)2, and Ru(Me-phen)(bpy)2(PF6)2
(where Me-phen = 5-methyl-1,10-phenanthroline and
bpy = 2,2′-bipyridine) complexes (Cationic forms are 
shown in Figure 1). The complexes were purified by
repeated column chromatography. The identity and the
integrity of the complexes were confirmed by
elemental analysis and mass spectroscopy. UV-vis
absorption and emission spectroscopic methods were
used to investigate the properties of these complexes.
Spectroscopic and photophysical studies document the
fact that inherently favorable photophysical properties
are not substantially altered by ligand substitutions.
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Figure 1. Schematic representation of the prepared complexes.
Materials and Methods
Chemicals
The ligand, 2,2′-bipyridine (bpy), RuCl3·3H2O,
NH4PF6, LiCl, and silica gel were purchased from the
Aldrich Chemical Co. 5-methyl-1,10-phenanthroline
(Me-phen) was purchased from Lancaster. All the
chemicals were used without further purification. All
solvents used were reagent grade or better.
Preparation of Compounds
Compound 1 [Ru(Me-Phen)3(PF6)] was prepared
by a modification of a method previously developed by
Walker et al. (2004) by substituting 5-methyl 1,10-
phenanthroline for bipyridine. The compound was
prepared by the reaction of 1 mmol RuCl3·3H2O and 4
mmol Me-phen in 50 mL of ethylene glycol under an
Ar atmosphere. The reaction mixture was refluxed for
4 hours. The color changed from a dark black to a
bright orange in approximately an hour. The resulting
solution was then cooled to room temperature and
filtered. Saturated aqueous solution of ammonium
hexafluorophosphate (NH4PF6) was added to the
mixture to precipitate the tris compound as a PF6 salt.
To enhance the precipitation, the resulting mixture was
left in the refrigerator overnight, and then the
precipitate was collected by vacuum filtration. The
precipitate was washed with plenty of water to remove
excess NH4PF6 and finally washed with diethyl ether
and dried in a desiccator. The crude tris complex was
purified by silica-gel column chromatography using
acetonitrile as an eluent. The first band was collected
and added dropwise to ether to reprecipitate. Typical
yields of 70-80% spectroscopically pure product were
obtained by this method. Elemental analysis calculated
for RuC39H30N6P2F12: C = 48.11%, H = 3.11%, N =
8.63%; experimentally found: C = 48.04%, H = 3.10%,
N = 8.61%.
Compound 2 [Ru(Me-phen)2(bpy)(PF6)2] was
prepared by a two-step procedure. In the first step,
Ru(bpy)Cl4 was prepared according to a previously
published method (Krause 1977) by the reaction of
RuCl3·3H2O and bpy (20% excess over one equivalent)
in a 1.0 M HCl solution. The mixture was stirred at
room temperature to dissolve the solids. The resulting
mixture was stoppered and allowed to stand for several
days, and the black product was isolated by vacuum
filtration. The precipitate was washed with water and
stored in a desiccator. Ru(bpy)Cl4 was used without
further purification.
The reaction of Ru(bpy)Cl4 and Me-phen (1:3
molar ratio) produced compound 2. Ru(bpy)Cl4 (0.50
mmol) and Me-phen (1.5 mmol) were dissolved in 50
mL of an 80/20 ethanol/H2O mixture. The solution was
refluxed for 24 hr under argon, cooled to room
temperature and filtered. A saturated aqueous solution
of ammonium hexafluorophosphate was added to the
filtrate to precipitate the product. A brownish yellow
precipitate appeared. The precipitate was collected by
vacuum filtration, washed with water and diethyl ether,
and stored in a desiccator. The final product was
purified by column chromatography on alumina and on
silica, using acetonitrile as the eluent. The first band
was collected and reprecipitated by adding diethyl
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ether. The typical yield was 60-70%. Elemental
analysis calculated for RuC36H28N6P2F12 : C = 46.21%,
H = 3.02%, N = 8.98%; experimentally found: C =
46.52%, H = 3.10%, N = 8.78%.
Compound 3 [Ru(Me-phen)(bpy)2(PF6)2] was also
prepared in a two-step procedure. In the first step, cis-
Ru(bpy)2Cl2 was prepared from RuCl3·3H2O by a
slight modification of a published method (Sullivan et
al. 1978). One equivalent of RuCl3·3H2O, two
equivalents of bipyridine (bpy) ligand, and 0.1
equivalent of LiCl were refluxed in DMF (dimethyl
formamide, 50 mL per 0.5 g of Ru salt) for
approximately 6-7 hr under Ar atmosphere. The
solution was constantly stirred during reflux. After
reflux, the solution was cooled to room temperature
and 125 mL of reagent-grade acetone was added to the
reaction mixture. After stirring for a few minutes, the
reaction mixture was allowed to cool overnight at -5 oC
in the freezer. The next morning, the resulting black
precipitate (microcrystalline) was collected by vacuum
filtration and washed several times with cold water.
Finally, the precipitate was washed with diethyl ether
and was dried under vacuum. The purity of the
prepared complex was checked by thin-layer
chromatography (TLC, alumina and silica plate,
acetonitrile solvent) and absorption spectroscopy.
Ru(bpy)2Cl2 (0.5 mmol) and Me-phen (1.0 mmol)
were dissolved in 50 mL H2O. The solution was
refluxed under argon for 4 hr with stirring. The color of
the solution changed from black to yellow orange
during this time. The solution was cooled to room
temperature and filtered. Saturated aqueous ammonium
hexafluorophosphate was added to the filtrate to
precipitate the product as a PF6 salt. The precipitate
was collected by vacuum filtration and washed three
times with 15 mL of water followed by 50 mL of
diethyl ether and dried under vacuum. The orange
product was stored in a desiccator. The product was
purified by column chromatography on silica using
acetonitrile as an eluent. The first band was collected
as the pure product and precipitated by adding diethyl
ether. The typical yield was 65-75%. Elemental
analysis calculated for RuC33H26N6P2F12: C = 44.16%,
H = 2.92%, N = 9.36%; experimentally found: C =
43.95%, H = 2.91%, N = 9.35%.
Results and Discussion
The synthetic method described here for compound
1 is a method used to prepare the tris-ligated metal
complexes of 2,2′-bipyridine ligand (Walker et al. 
2004). We substitute for the 2,2′-bipyridine ligand with 
5-methyl-1,10-phenanthroline. This method is a very
convenient method due to its simplicity, short reaction
time, good yield, and the need for only a slight excess
of ligand. The only disadvantage is the presence of
trace impurities in the sample, which is confirmed by
thin-layer chromatography (TLC). The product was
purified by column chromatography.
The mixed-ligand complexes compound 2 and
compound 3 involve two-step procedures. The
precursor complexes Ru(bpy)Cl4 and Ru(bpy)2Cl2 were
prepared according to published methods (Krause
1977, Sullivan et al. 1978) and used without further
purification. The targeted complexes were prepared by
the reaction of precursor complexes and additional
ligands. This type of procedure is a standard and
common procedure for mixed-ligand complexes
(Bhuiyan et al. 2008, Bhuiyan 2008, Bhuiyan and
Kincaid 1999). Thin-layer chromatography indicates
that all three compounds were slightly contaminated.
We used the most common purification method of
column chromatography on silica using acetonitrile as
an eluent for all three complexes. We were able to
remove all the impurities from compound 1 and
compound 3, but compound 2 still contained one
impurity. Mass spectroscopy indicated that compound
2 was contaminated by a trace amount of compound 1.
Most likely, during the reaction, a small amount of bpy
ligand was substituted by phenanthroline ligand and a
trace amount of compound 1 was formed. Finally, we
were able to remove this impurity by using an alumina
column followed by a silica column using acetonitrile
as an eluent.
The identity and the integrity of the complexes
were confirmed by elemental analysis (Columbia
Analytical Services) and mass spectroscopy (Arkansas
State Wide Mass Spectrometry Facility). The results of
experimental elemental analysis are in good agreement
with the calculated results (shown in the Materials and
Methods section). Electrospray mass spectral
measurements were performed with a Bruker Esquire
LCMS at the University of Arkansas, Fayetteville. All
the samples were dissolved in acetonitrile and were
injected directly with a flow rate of approximately 50
µL min-1 with nitrogen nebulizing gas. The mass
spectra are shown in Figure 2. Trace A is for
compound 1, trace B is for compound 2, and trace C is
for compound 3. The calculated molar masses for the
complexes are 683.8 [Ru(Me-phen)32+], 645.7 [Ru(Me-
phen)2(bpy)2+], and 607.7 [Ru(Me-phen)(bpy)22+],
respectively. The electrospray mass spectrometry of
the complexes showed a consistent fragmentation
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pattern (shown in Figure 2). Each spectrum showed the
molecular-ion peak as the most abundant peak. The
molecular-ion peaks appear at m/z (mass/charge) =
341.9 (trace A), m/z = 322.9 (trace B), and m/z = 303.9
(trace C). From isotopic patterns, it was confirmed that
each ion has an overall charge of 2+, so the
experimental molar masses are 683.8 (trace A), 645.8
(trace B), and 607.8 (trace C) for compound 1,
compound 2 and compound 3, respectively. The
experimental molar masses are in very good agreement
with the calculated molar masses, which confirms the
identity and the integrity of the compounds.
Figure 2. The electrospray mass spectra of the prepared complexes,
showing the major fragment cluster.
Electronic absorption spectra were obtained with a
Shimadzu model UV-2501 PC UV-vis recording
spectrophotometer using a 1-cm quartz cuvette. Spectra
were obtained in the absorbance mode. The electronic
absorption spectra of all the complexes were measured
in acetonitrile solution and are shown in Figure 3. The
solid-line spectrum is for compound 1 (trace A), the
dotted line is for compound 2 (trace B), and the dashed
line is for compound 3 (trace C). The absorption
spectra of the complexes consist of a series of
Figure 3. Electronic absorption spectra of the prepared complexes:
Compound 1 (trace A); Compound 2 (trace B); and Compound 3
(trace C).
absorption bands in the UV and visible region. A very
strong transition at 266 nm is assigned to a spin-
allowed ligand-centered π–π* transition of Me-phen 
ligand, and a 285 nm is assigned to a π–π* transition of 
bpy ligand (Kalyanasundaram and Nazeeruddin 1990).
This is confirmed by comparison with the absorption
spectra of the free Me-phen and bpy ligands.
Compound 1 does not contain any bpy ligand, and the
285 nm absorption band is totally absent in the
absorption spectrum (trace A). Compound 2 contains a
285 nm band as a weak shoulder because of one bpy
ligand (trace B), and compound 3 contains a strong
band at 285 nm because of two bpy ligands (trace C).
The broad, relatively intense visible band at 450 nm is
assigned to a metal-to-ligand charge transfer (MLCT)
transition by comparing with other ruthenium(II)
polypyridine complexes (Denti et al. 1990). The
higher-energy shoulder observed is assigned to a
second MLCT transition.
The electronic emission spectra were obtained with
a PerkinElmer Model LS 55 luminescence
spectrometer with 450 nm excitation. All the emission
spectra of the complexes were measured in acetonitrile
solution at room temperature. Excitation wavelength
was decided by scanning the excitation spectra at a
fixed emission wavelength. The excitation wavelength
was determined to be 450 nm for all three complexes.
The emission spectra of all the complexes are shown in
Figure 4. The solid line is for compound 1 (trace A),
the dotted line is for compound 2 (trace B), and the
dashed line is for compound 3 (trace C). The electronic
emission spectra of the complexes exhibit strong
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Figure 4. Electronic emission spectra of the prepared complexes:
Compound 1 (trace A); Compound 2 (trace B); and Compound 3
(trace C).
emission bands at 583 nm (compound 1), at 588 nm
(compound 2), and at 594 nm (compound 3),
respectively. All three complexes exhibit a single
emission band, which confirms the purity of the
prepared complexes. As for other polypyridine
complexes of Ru(II), these luminescence bands have
been assigned as phosphorescent process 3MLCT
(triplet metal-to-ligand charge transfer) → 1GS (singlet
ground state) (Lytle and Hercules 1969, Bhuiyan and
Kincaid 2001), the 3MLCT state being reached by
rapid intersystem crossing from the lowest 1MLCT
state. The emission band for compound 2 is slightly red
shifted from that observed for compound 1 (588 nm vs.
583 nm) because of one bpy ligand. The spectrum of
compound 3 is 6 nm red shifted (two bpy ligands) with
respect to that of compound 2 (one bpy ligand). This
observation is consistent with the previously reported
spectra of similar ruthenium(II) polypyridine
complexes.
Conclusions
The present studies summarize efficient synthetic
methods for the preparation of homoleptic and
heteroleptic ruthenium(II) polypyridine complexes.
Elemental analysis and spectroscopic and
photophysical studies confirm the identity and
structural integrity of the prepared complexes. It was
observed that the inherently favorable photophysical
properties are not substantially altered by the ligand
substitution. These complexes may be viewed as
attractive precursors for the construction of high-
charge mononuclear complexes by the modification of
the attached methyl group of the phenanthroline ligand.
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Abstract
We analyzed stream inventories, phylogeographic
studies, community and population estimates, life
history and reproductive biology research, and suitable
habitat investigations conducted from 1997-2008, as
well as the Arkansas Natural Heritage Commission
mussel database, to update the conservation status for
all native freshwater unionoid bivalves thought to
occur in Arkansas. Prior to this study, Harris et al.
(1997) reviewed the distribution and status of 75
freshwater mussels considered native to Arkansas and
ranked 22 species as endangered, threatened or special
concern. We now recognize 85 mussel taxa in
Arkansas; however, some of those have yet to be
described or their nomenclature remains in a state of
flux. The previous inclusion of Fusconaia subrotunda
(I. Lea 1831) and Obovaria subrotunda (Rafinesque
1820) in the Arkansas native mussel fauna was based
on misidentifications. Within the Arkansas mussel
fauna, 19 species (22%) are now considered
Endangered, 5 species (6%) are ranked as Threatened,
20 species (24%) are of Special Concern, and
unfortunately, 1 species has probably been extirpated.
Introduction
Freshwater mollusks are among the most imperiled
taxonomic groups in the world, and they constitute 708
of the approximately 7000 species included in the 2002
International Union for the Conservation of Nature and
Natural Resources (IUCN) Red List of Threatened
Species (Lydeard et al. 2004). Furthermore, 42% of
the 693 recorded animal species extinctions have been
mollusks, and 99% of the mollusks that have become
extinct were non-marine taxa. Freshwater bivalves of
the superfamily Unionoidea are distributed worldwide,
but they are most diverse in North America. Between
850 and 900 freshwater bivalve species are recognized;
200 of these species are on the IUCN Red List, and
189 of the listed species are located in the United
States (Lydeard et al. 2004).
Within the last 60 years, our rich North American
fauna has been decimated by impoundments,
sedimentation, channelization, dredging, water
pollution, and invasive species (Williams et al. 1993,
National Native Mussel Conservation Committee
[NNMCC] 1998). Thirty-seven of the 297 known
North American taxa are presumed extinct, and another
165 are considered possibly extinct, critically
imperiled, imperiled, or vulnerable (Turgeon et al.
1998, Master et al. 2000).
Freshwater mussels influence critical ecosystem
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services by linking benthic and pelagic compartments
through their large biomass and filtering abilities and
have been used as indicators of water quality (NNMCC
1998, Christian et al. 2008, Cope et al. 2008, Vaughn
et al. 2008).
To conserve native freshwater mussels, the
NNMCC (1998) identified 10 specific problems that
included the lack of knowledge regarding current
distribution and health of mussel populations. Their
suggestions included: 1) determining location, density,
species composition, and status of existing mussel
communities; 2) gathering historic distribution data
and making it available; and 3) gathering information
on the occurrence and abundance of mussels valuable
for the commercial mussel industry.
Conservation and recovery of this imperiled
biological resource will require aggressive pursuit of
priority research needs for understanding the life
history, distribution, and ecology of freshwater
mollusks. Periodic reevaluation of these priorities is
required, and to this end, the plenary session of the
Freshwater Mollusk Conservation Society’s 2007
symposium was structured to provide information to
support revision of the National Strategy for the
Conservation of Native Freshwater Mussels (NNMCC
1998, Christian and Harris 2008). Product delivery is a
crucial part of advancing mollusk conservation from
theory to application, and the critical reviews provided
for freshwater mussel taxonomy and systematics
(Bogan and Roe 2008), reproductive life history
(Barnhart et al. 2008), community ecology (Vaughn et
al. 2008), landscape ecology (Newton et al. 2008), and
toxicology (Cope et al. 2008) provide that link.
Conservation and recovery of unionoid resources
at the state and local levels requires the same diligence
in delivery of information crucial to conservation
efforts. Harris and Gordon (1987) and Harris et al.
(1997) reviewed the distribution and status of rare
and/or endangered Unionoida (Mollusca:
Margaritiferidae, Unionidae) that have occurred in
Arkansas. Investigations targeting distribution and
status of Arkansas unionoid bivalve species
(commonly referred to as clams, mussels, freshwater
mussels, naiads; hereafter mussels) have occurred in
essentially two distinct phases: pre-1987 phase that
targeted determining which taxa occurred within state
borders; and post-1987 phase which began systematic
surveys of stream systems to determine the
distributions and relative abundances of mussels, and
establish baseline population estimates for monitoring
status and trends. Since Harris et al. (1997), a plethora
of stream inventories, phylogeographic analyses,
community and population estimates, life history and
reproductive biology studies, and suitable habitat
investigations have been completed. The purpose of
this paper is to provide an updated comprehensive
review of the conservation status for all native
freshwater unionoid bivalves thought to occur in
Arkansas.
Methods
A comprehensive review of all mussel records in
the Arkansas Natural Heritage Commission (ANHC)-
maintained mussel database (established 2001, Farris et
al. 2001) was conducted, and data were grouped into 3
time periods: pre-1986, 1986-1996, and 1997-2008.
Species occurrence data were extracted from the
database, geo-coded, exported as a shape file, and
overlain on an Arkansas drainage map using ESRI
ArcMap Version 9.3 to visualize density of species
occurrences within each river basin. The ANHC
database was queried to determine the number of
locality records and live specimens encountered for
each species for the 3 time periods, and relative
abundance was compared in an attempt to determine
population trends (increasing or decreasing). Trend
data extracted from the database was also compared
with previous species assessments (ANHC 2002,
Anderson 2006) to determine if conservation rankings
warranted revision since the last comprehensive
assessment (Harris et al. 1997). Survey reports,
master-of-science theses, taxonomic research reports,
and the published literature were searched and
summarized regarding mussel occurrences and relative
abundances within Arkansas. The locations, level of
effort, and results of large geographic scale surveys
conducted from 1997-2008 are summarized in Table 1.
Major drainage basins within Arkansas are illustrated
in Figure 1.
Status determinations and conservation rank
terminology for Arkansas freshwater mussels are an
amalgamation resulting from review of a variety of
synoptic conservation status publications and databases
(Williams et al. 1993, Harris et al. 1997, ANHC 2002,
Anderson 2006, ANHC 2009a and 2009b, NatureServe
(2009), and U.S. Fish and Wildlife Service (USFWS)
(2009b). Although conservation rank assignment is
based on numerical data extracted from the ANHC
database, these data are subject to the bias and relative
experience of individual collectors, collected by widely
different methodologies, and littered with taxonomic
inconsistency due to misidentifications or
nomenclature revisions; therefore, conservation rank
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Table 1. Summary of major mussel surveys in Arkansas, 1997-2008.
DRAINAGE
River/Stream Source Access Stream/River Kilometers Sites Sample Method
Richness
(Taxa)
WHITE RIVER
Buffalo River Matthews 2007 ContinuousSurvey 234.9 63
41 timed search;
22 quantitative
(m2 quadrats)
23 +
Corbicula
Kings River AGFC 2003collections
Continuous
Survey 52.8 19 Timed Search
18 +
Corbicula
Little Red River Winterringer 2003
Point +
Continuous
Survey
95.7
Middle Fork Little Red River 14
Timed Search;
Quadrat Samples 27
Little Red River USFWS andAGFC 2004-2006
Continuous
Survey
120.0
(Archey, Beech, Middle, South
forks; Turkey Creek; Big Creek)
32 Timed Search 24
Myatt Creek Davidson et al.1997
Continuous
Survey 23.2 18 Timed Search 21
Spring River Trauth et al. 2007 ContinuousSurvey 71.3 49
49 timed search;
7 quantitative
(m2 quadrats)
29
South Fork Spring
River Harris et al. 2007
Point +
Continuous
Survey
121.5 53
56 timed search
and 9 quantitative
(m2 quadrats)
37
South Fork Spring
River Martin 2008
Point +
Continuous
Survey
95.0
(AR portion) 30
30 timed search,
7 quantitative
(m2 quadrats)
20
Strawberry River Harris et al. 2007
Point +
Continuous
Survey
118.9 51 Timed Search 39
War Eagle Creek AGFC Survey ContinuousSurvey 27.5 9 Timed Search 14
White River Harris andChristian 2000 Point Survey Discrete Sites 36
14 timed search,
22 quantitative
(m2 quadrats)
32
White River Harris 2002 ContinuousSurvey
17.9 Total
Lock & Dams 1-3, Guion Reach 49 Timed Search 15
Crooked Creek Stoeckel 2005 ContinuousSurvey 128.1 13 Timed Search 8
ARKANSAS RIVER
Arkansas River
Ecological
Specialists, Inc.
2005a
Continuous
Survey 104.6 21
Timed Search
(547 samples) 26
Bayou Meto Drainage Miller and Payne2002 Point Survey Discrete Sites 48 Timed Search 16
Big Piney Creek,
East and Middle forks
Illinois Bayou
Stoeckel and
Davidson 2000
Continuous
Survey Total 85.1 43
Timed Search,
8 quantitative
(m2 quadrats)
21
Fourche La Fave
River Harris 2001a
Continuous
Survey 35.9 15 Timed Search 21
Illinois River AGFC & USFWS2008
Continuous
Survey 50.0 15 Timed Search 22
Petit Jean River Harris 2001a ContinuousSurvey 25.3 12 Timed Search 18
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Table 1 continued. Summary of major mussel surveys in Arkansas, 1997-2008.
DRAINAGE
River/Stream Source Access Stream/River Kilometers Sites Sample Method
Richness
(Taxa)
OUACHITA RIVER
Bayou Bartholomew Brooks et al.2008 Point Survey NA 50 Timed Search 35
Caddo, Ouachita, and
Saline rivers
Scott 2004,
Farris et al. 2005,
Christian et al.
2006
Point Survey NA 33 Timed Search 26
Little Missouri River Christian andHarris 2004
Continuous
Survey 83 131 Timed Search 37
Ouachita River Harris 1999 ContinuousSurvey 40 119
Timed Search,
5 quantitative
(m2 quadrats)
37
Ouachita River Harris 2006 Point Survey NA 6 6 quantitative(m2 quadrats) 33
Saline River Davidson andClem 2002
Continuous
Survey 163 147 Timed Search 41
Saline River Davidson andClem 2004
Continuous
Survey 81 83 Timed Search 35
Saline River Harris 2006 Point Survey NA 4 4 quantitative(m2 quadrats) 33
RED RIVER
Little River Seagraves 2006 ContinuousSurvey 27 19
Timed Search,
2 quantitative
(m2 quadrats)
23
Little River URS 2007 ContinuousSurvey 2.1 57 Transects 21
Little River FWS / AGFC ContinuousSurvey 56 14
Timed Search,
1 quantitative
(m2 quadrats)
28
ST. FRANCIS RIVER
Ditch 10
Ecological
Specialists, Inc.
2005
Continuous
Survey 3.7 37 Transects, quadrats 17
Stateline Outlet Ditch Harris 2001b ContinuousSurvey 5.6 50
Transects,
1 quantitative
(m2 quadrats)
19
Tyronza River Wentz 2008 ContinuousSurvey 70.4 363
Timed searches,
9 quantitative
(m2 quadrats)
33
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assignment remains a somewhat intuitive endeavor. A
brief discussion of the conservation rank terminology
utilized by the various agencies and organizations
follows.
Figure 1. Major drainage basins within Arkansas.
The Endangered Species Act of 1973, as amended,
is Federal legislation intended to provide a means to
conserve the ecosystems upon which endangered and
threatened species depend and provide programs for
the conservation of those species, thus preventing
extinction of plants and animals. The law is
administered by Interior Department's US Fish and
Wildlife Service (USFWS) and Commerce
Department's National Oceanic and Atmospheric
Administration (NOAA) Fisheries (formerly National
Marine Fisheries Service or NMFS), depending on the
species. An endangered species is an animal or plant
species in danger of extinction throughout all or a
significant portion of its range. A threatened species is
an animal or plant species likely to become endangered
within the foreseeable future throughout all or a
significant portion of its range. A candidate species
(candidate) is a plant or animal species for which the
USFWS or NOAA Fisheries has on file sufficient
information on biological vulnerability and threats to
support a proposal to list as endangered or threatened.
The Nature Conservancy and a collection of public
and private partners built a network of natural heritage
programs in the United States from 1974-1994 to
collect and manage data regarding the status and
distribution of species and ecosystems of conservation
concern. The Nature Conservancy transferred
professional staff, databases, and responsibility for
scientific standards and procedures to NatureServe
(originally the Association for Biodiversity
Information) in 1994 (NatureServe 2009).
NatureServe utilizes its central conservation databases
and the network of natural heritage programs to
determine conservation ranks for mussels. Under this
system, conservation status of a species or ecosystem is
designated by a number from 1 to 5. Rank assignments
are made at the Global, National, and State levels.
National level ranks are included because the
NatureServe network is international but not widely
utilized within the United States. Elements of greatest
conservation concern are assigned a rank of 1 while
those of least concern are assigned a rank of 5. The
number is preceded by a letter reflecting the
appropriate geographic scale of the assessment (G =
Global and S = State). As an example, a species may
have a Global Rank of G4 and a State Rank of S3
indicating it is secure rangewide, but may be
vulnerable within the state. The state rank may not
indicate a lower conservation concern than the Global
Rank.
Global Rank categories used by NatureServe are:
G1 (Critically Imperiled) - at very high risk of
extinction due to extreme rarity (often 5 or fewer
populations), very steep declines or other factors; G2
(Imperiled) - at high risk of extinction or elimination
due to very restricted range, very few populations,
steep declines or other factors; G3 (Vulnerable) - at
moderate risk of extinction or elimination due to a
restricted range, relatively few populations, recent and
widespread declines or other factors; G4 (Apparently
Secure) - uncommon but not rare, some cause for long-
term concern due to declines or other factors; G5
(Secure) - common, widespread, and abundant; GX
(Presumed Extinct) - not located despite intensive
searches and virtually no likelihood of rediscovery; and
GH (Possibly Extinct) - known only from historical
occurrences but still some hope of rediscovery. There
is evidence that the species may be extinct throughout
its range, but not enough to state this with certainty.
Examples of such evidence include (1) that a species
has not been documented in approximately 20-40 years
despite some searching or some evidence of significant
habitat loss or degradation; (2) that a species has been
searched for unsuccessfully, but not thoroughly enough
to presume that it is extinct or eliminated throughout its
range. Other ranks include: GNR (Not Ranked) - the
global rank is not yet assessed. GNA (Not Applicable)
- a conservation rank is not applicable (conservation
ranks are not applied to exotic species). Other variants
and qualifiers are used to add information or indicate
any range of uncertainty. Global ranks may include
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"T" ranks, which refer to the conservation status of a
species at a subspecies or variety level. A "Q" in the
global rank indicates the element's taxonomic
classification as a species is a matter of conjecture
among scientists. A "?" is used temporarily when there
is some indecision regarding the rank assignment. A
range may indicate the species rank is intermediate
between numeric ranks.
The Research Section of the Arkansas Natural
Heritage Commission is the NatureServe network
Heritage Program for the state of Arkansas and has the
responsibility for assigning the state rank. ANHC staff
work with biologists in the state to evaluate and assign
state ranks. Following the standard NatureServe
methodology, characteristics such as total population
size (number of individuals of the species), number of
different populations, extent of species habitat, breadth
of the species geographic range, population trend
(whether a species numbers are increasing, stable, or
declining), threats to species (both human and natural)
are evaluated.
State ranking definitions (ANHC 2009b) include:
S1 (critically imperiled) - often 5 or fewer populations,
very steep declines or other factors making it
vulnerable to extirpation; S2 (imperiled) - very few
populations (often 20 or fewer), steep declines or other
factors making it vulnerable to extirpation; S3
(vulnerable) - relatively few populations (often 80 or
fewer), recent and widespread declines or other factors
making it vulnerable to extirpation; S4 (apparently
secure) - uncommon but not rare, some cause for long-
term concern due to declines or other factors; S5
(secure) - common, widespread, and abundant; SH
(historic occurrence) – known only from historical
records with some possibility of rediscovery. Presence
may not have been verified in the past 20 to 40 years
(this rank may be assigned without the 20 to 40 year
delay if only known occurrences were destroyed or
species has been extensively and unsuccessfully
sought); SU (unrankable) - currently unrankable due to
lack of information or due to substantially conflicting
information about status or trends; SX (presumed
extirpated from the state) - not located despite
extensive searches and virtually no likelihood of
rediscovery; and SNA (not applicable).
The Arkansas Wildlife Action Plan (Anderson
2006) utilized NatureServe (G1, G2, G3) and ANHC
(S1, S2, S3) rankings to develop a draft species list for
consideration as "species of greatest conservation
need". Species removed from consideration included
those that were extinct or those that were common
elsewhere and rare in Arkansas because the state is on
the periphery of their range. Undescribed species and
species with apparently more secure status (G4-G5 and
S4-S5) were included on the list if their populations
were thought to be in decline or if little was known
about their conservation status. Species Priority Scores
were calculated by adding G-rank score values (1-16)
and S-rank score values (1-5), and then multiplying the
resulting raw score by 0.75 if the species was
increasing or by 1.25 if the species was declining so
that the score reflected trend data. The resulting
number was divided by 0.2625 to achieve a 100 point
scale (Anderson 2006). Inclusion on the list of Species
of Greatest Conservation Need (SGCN) does not
confer any regulatory status. The identification of
SGCN is part of a process to identify species and
groups of species that will be the focus of programs
and projects supported by federal funding under the
State Wildlife Grant Program.
Conservation status categories (STATUS: State)
utilized in this paper follow Williams et al. (1993,
revision in preparation) and are defined as: Endangered
(E) - a species or subspecies in danger of extinction
throughout all or a significant portion of its range;
Endangered, probably extirpated (EXT) - a species or
subspecies that is probably extinct from the geographic
unit being considered; Threatened (T) - a species or
subspecies that is likely to become endangered
throughout all or a significant portion of its range;
Special Concern (SC) - a species or subspecies that
may become endangered or threatened by relatively
minor disturbances to its habitat, and deserves careful
monitoring of its abundance and distribution;
Undetermined (U) - a species or subspecies whose
historic and current distribution and abundance has not
been evaluated in recent years; Currently Stable (CS) -
a species or subspecies whose distribution and
abundance may be stable, or it may have declined in
portions of its range but is not in need of immediate
conservation management actions.
Nomenclature generally follows Turgeon et al.
(1998). Generic and species reassignments within
Quadrula based on Serb et al. (2003) have been widely
accepted (Williams et al. 2008) and are followed in this
paper. Acronyms for museum collections accessed
and/or collections visited that may appear in the
following results and discussion include: ANSP
(Academy of Natural Sciences of Philadelphia),
ASUMZ (Arkansas State University Museum of
Zoology), FMNH (Field Museum of Natural History of
Chicago), INHS (Illinois Natural History Survey),
MCZ (Museum of Comparative Zoology, Harvard
University), OSUMZ (The Ohio State University
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Museum of Zoology), UMMZ (University of Michigan
Museum of Zoology), and USNM (United States
National Museum, Smithsonian Institution).
Results
Table 2 provides our revised list of Arkansas
freshwater mussels of greatest conservation concern
(E, T, SC) as well as a synopsis of the conservation
status rankings assigned to these species by Williams
et al. (1993), Harris et al. (1997), USFWS (2009b),
ANHC (2002), and NatureServe (2009). The following
discussion addresses federally listed endangered and
threatened species first and those that are candidates
for listing, followed by species of greatest state
concern that are considered endangered or threatened.
A select group of Species of Special Concern (S3) and
Currently Stable species are addressed with individual
species accounts. Appendix I provides our most recent
attempt to list all freshwater unionoid bivalves that
currently occur or historically have occurred in
Arkansas waters along with their global and state
rankings.
Federal Listed Species
Arkansia wheeleri (Ortmann and Walker 1912) -
Ouachita rock pocketbook. Distribution: Figure 2
STATUS: Federal - Endangered, State – Endangered.
Figure 2. Distribution of Arkansia wheeleri.
The USFWS (2004b) published the final recovery
plan for A. wheeleri, and noted that it was known to
exist in approximately 252 river kilometers (rkm) of
the Red River system and 179 rkm of the Ouachita
River system in Oklahoma and Arkansas. The only
known substantial population (fewer than 1,800
individuals) was described as inhabiting a 141-km
section of the Kiamichi River, Oklahoma. A smaller,
attenuated population (less than 100 individuals) was
known to inhabit approximately 111 km of the Little
River in Oklahoma and Arkansas, although quality
habitat for the species prevailed in only a limited
portion (24 km) of that section above the Mountain
Fork River. Recent observations of the species in the
Ouachita River, Arkansas, were noted as rare and
widely separated. The only other recent evidence of
the species consisted of single shells recovered from
Pine and Sanders creeks, Texas, which enter the Red
River near the Kiamichi River.
During 2002-2004, Seagraves (2006) sampled
populations to determine relative abundance and
demographics, examine reproductive biology, identify
suitable fish hosts, and assess and characterize habitat
use of A. wheeleri. Of 34 fish species tested, glochidia
of A. wheeleri successfully transformed on 11 species
from 3 families including 2 cyprinids, 1 catostomid and
8 centrachids. Optimal hosts with high glochidial
transformation success rates for A. wheeleri were
Lepomis cyanellus (>69%), L. megalotis (>58%), L.
gulosus (>51%), Pomoxis nigromaculatus (>43%), and
L. macrochirus (>40%).
Seagraves (2006) surveyed 2 sites in the Ouachita
River, Arkansas and 19 in the Little River, Arkansas
for A. wheeleri, and live individuals were found at 2
locations in Little River downstream of Millwood
Lake, which was previously unsurveyed. Quantitative
analyses were conducted at each of the 2 sites so that
the population size could be estimated within each of
the mussel assemblages (= mussel beds, mussel
aggregations). At Site 1, A. wheeleri was estimated to
comprise 200 ± 243 [± 95% confidence interval (CI)]
of the 16,700 ± 3,916 mussels within the assemblage.
Population size could not be estimated at Site 2, as A.
wheeleri was not collected during the quantitative
analysis. A total of 15 live A. wheeleri were examined
from 2002-2004 by Seagraves (2006) including 2
specimens from Site 1 and 13 specimens from Site 2.
Historically, A. wheeleri was present at 6 sites in
the Kiamichi River, OK (Vaughn and Pyron 1995);
however, Galbraith et al. (2008) did not find A.
wheeleri at any of these locations but did report 3 live
A. wheeleri from a newly discovered mussel
assemblage near Moyers, Oklahoma. In the 1990s, A.
wheeleri was present at 1 site in the Little River
(USFWS 2004b). Galbraith et al. (2008) did not find
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Table 2. Rankings for mussels of conservation concern in Arkansas.
Species FederalListing
Williams
et al. 1993
NatureServe
2009
ANHC
State Rank
Harris et al.
1997
Revised AR
Status 2009
Federal Endangered or Threatened
Arkansia wheeleri E E G1 S1 E E
Cyprogenia stegaria E E G1Q S1? NR E
Epioblasma florentina curtisii E E G1 S1 E E
Epioblasma turgidula E E GX SX EX EXT
Lampsilis abrupta E E G2 S2 T T
Lampsilis powellii T T G2 S2 T T
Lampsilis streckeri E E G1Q S1 E E
Leptodea leptodon E E G1G2 S1 T E
Margaritifera hembeli E T G1 SH NR E
Quardula fragosa E E G1 S1 E E
Potamilus capax E E G1G2 S1 T T
Federal Candidate
Cumberlandia monodonta Candidate T G3 S1 E E
Lampsilis rafinesqueana Candidate T G2 S1 T E
State Endangered
Alasmidonta viridis NA SC G4G5 S1 E E
Anodontoides ferussacianus NA CS G5 SU NR E
Cyprogenia aberti NA T G2G3Q S2 SC E
Epioblasma triquetra NA T G3 S1 E E
Glebula rotundata NA CS G4G5 SU NR E
Lampsilis ornata NA SC G5 S1 U E
Potamilus alatus NA CS G5 S1 E E
Quadrula refulgens NA SC G3G4 S1? NR E
Simpsonaias ambigua NA SC G3 S1 E E
Venustaconcha ellipsiformis NA SC G4 S1 NR E
State Threatened
Lampsilis sp. B cf L. hydiana NA NR NR S2? NR T
Pleurobema cordatum NA SC G4 S2 NR T
State Special Concern
Alasmidonta marginata NA SC G4 S3 CS SC
Cyclonaias tuberculata NA SC G5 S3? CS SC
Fusconaia ozarkensis NA SC G3G4 S3 CS SC
Lampsilis satura NA SC G2 S2 NR SC
Lampsilis siliquoidea NA CS G5 S3 CS SC
Lasmigona costata NA CS G5 S3 CS SC
Ligumia recta NA SC G5 S2 NR SC
Obovaria jacksoniana NA SC G2 S2 SC SC
Obovaria olivaria NA CS G4 S3 CS SC
Quadrula c. cylindrica NA T G3G4 S2 SC SC
Strophitus undulatus NA CS G5 S3 CS SC
Toxolasma lividus NA SC G2 S2 SC SC
Toxolasma texasiensis NA CS G4 S3 CS SC
Truncilla donaciformis NA CS G5 S3 NR SC
Uniomerus declivis NA CS G5Q S1 NR SC
Uniomerus tetralasmus NA CS G5 S2 NR SC
Venustaconcha pleasii NA SC G3G4 S3 CS SC
Villosa arkansasensis NA SC G2 S2 SC SC
Villosa iris NA CS G5Q S2S3 CS SC
Villosa lienosa NA CS G5 S3 CS SC
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A. wheeleri at this site during surveys in 2003–2005;
however, they found 2 individuals of A. wheeleri in the
Little River 1.0 km upstream of the confluence with
the Mountain Fork River on the Little River National
Wildlife Refuge (NWR).
Spooner and Vaughn (2007) systematically
surveyed the mussel fauna at 23 sites in the Mountain
Fork River, a major tributary of the Little River in
eastern Oklahoma and western Arkansas. Twenty sites
were in Oklahoma and 3 sites were in Arkansas. Live
mussels representing 22 species of unionids as well as
the exotic Asian clam (Corbicula fluminea) were found
at 18 sites. Total mussel abundance (mussels
found/hour) ranged from 0 to 312 with a mean of 40
+/- 84 individuals per site. Mussel species richness per
site ranged from 0 to 13, with a mean of 6 (+/- 4). No
A. wheeleri were found.
The USFWS – Arkansas Field Office and
Arkansas Game and Fish Commission (AGFC)
conducted additional surveys in Little River during
2006 and 2008. They systematically surveyed 14 sites
between Millwood Reservoir and the Arkansas -
Oklahoma State Line (~ 56 rkm) and found 28 species
of unionids and Corbicula fluminea. The number of
species per site ranged from 7 to 22 with a mean of
14.7. One live and two dead A. wheeleri were
encountered during the survey. Quantitative sampling
of 1 large mussel assemblage occupying 15,525 m2 and
containing live A. wheeleri resulted in collection of
1,067 individuals representing 21 species. The A.
wheeleri population estimate was 420 ± 730, and the
mussel community numerical standing crop estimate
was 447,404 ± 73,065.
The A. wheeleri Recovery Plan was issued by the
USFWS (2004b), and the species is currently
undergoing a 5-year status review (USFWS 2007c).
Systematic surveys are lacking for the mussel fauna of
the Cossatot and Saline rivers, major tributaries of
Little River in southwestern Arkansas. The most
downstream sections of these two rivers are remote,
relatively unspoiled, and may harbor additional
populations of A. wheeleri.
Cyprogenia stegaria (Rafinesque 1820) - fanshell.
Distribution: Figure 3. STATUS: Federal -
Endangered, State - Endangered and Cyprogenia aberti
(Conrad 1850) - western fanshell. Distribution: Figure
4. STATUS: State – Endangered.
Cyprogenia, as currently recognized, is composed
of two species found in the Central Highlands of North
America, C. aberti in the Interior Highlands west of the
Mississippi River and C. stegaria in the Eastern
Highlands east of the Mississippi River (Turgeon et al.
1998, Serb 2006, Graf and Cummings, 2007). The
range of C. aberti has been previously defined as
streams of the Arkansas, White, and Ouachita river
basins draining the Ozark and Ouachita mountains of
the Interior Highlands (Johnson 1980, Oesch 1995,
USDA 1999). In short, all Cyprogenia specimens
found west of the Mississippi River have been ascribed
to C. aberti under current taxonomy. However, Call
(1895) identified specimens from the St. Francis River,
Arkansas as C. stegaria, and Frierson (1927)
commented on the similarity between C. aberti and C.
stegaria in Arkansas.
Figure 3. Distribution of Cyprogenia stegaria.
Figure 4. Distribution of Cyprogenia aberti.
Serb (2006) conducted a phylogenetic analysis of
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C. aberti populations from 13 different localities in
Arkansas, Kansas, and Missouri using mitochondrial
(mt) DNA sequence data in an effort to determine
genetic partitioning and the degree of genetic variation
across the extant range of the species. The
phylogenetic analyses revealed two well-supported
clades (branch support 98-100%), and within these two
major clades, C. aberti individuals were distributed
among five geographically defined clades (branch
support >90%): Black River, Arkansas + the federally
endangered C. stegaria; Arkansas River drainage;
White River drainage; 2 Ouachita River drainage
clades. The results indicate that C. aberti is comprised
of as many as five independent lineages, one of which
includes the federally endangered C. stegaria.
Serb and Barnhart (2008) explored 3 evolutionary
associations of C. aberti: reproductive traits associated
with host preference, geographic distribution, and
mitochondrial gene variation. Conglutinates from Fall
River, Kansas C. aberti females were white, similar to
previous observations of Arkansas River system
specimens (Barnhart 1997, Eckert 2003).
Conglutinates produced by Ouachita and St. Francis
drainage C. aberti females were either red or brown.
The mitochondrial gene analyses included C. aberti
specimens from the previous phylogenetic study (Serb
2006) as well as new specimens obtained for Serb and
Barnhart (2008), and results were similar to Serb
(2006) with 2 major clades produced and as many as 5
independent lineages. Parallel geographic structure is
present with Ouachita (Ouachita, Saline, Caddo rivers)
and White (St. Francis, Buffalo, Strawberry, Current,
Black, White rivers) drainage specimens in both major
clades. Sympatric individuals from the 2 clades
segregate by conglutinate color with red conglutinates
(plus the Arkansas River drainage white conglutinates)
in 1 major clade and brown conglutinates in the other
major clade. Sequence divergence within
phylogenetically defined clades corresponding to
conglutinate color (red, brown or white) was low, <1%.
Values estimated from phylogenetically distinct
genotypes (major clades) found among sympatric
(same locality) individuals in the St. Francis and
Ouachita rivers were >14% and >15% divergent,
respectively.
Host fish compatibility may be important in
estimating biological diversity and understanding the
speciation mechanisms in C. aberti. Allopatric
pairings of mussel populations and host fish species
showed poor transformation success of juvenile
mussels. However, differences in host compatibility
between red and brown conglutinate-producing
individuals were not evident (Barnhart 1997, Eckert
2003, Serb and Barnhart 2008). Differences in host
fish compatibility among river drainages provides
additional evidence for the distinction among
genetically defined, allopatric C. aberti lineages, but
not for the sympatric lineages in the Ouachita and
White rivers (Serb and Barnhart 2008).
Serb and Barnhart (2008) concluded that up to 5
species could be described in the C. aberti complex;
however, host fish data for the sympatric St. Francis
and Ouachita C. aberti do not support (but also do not
contradict) the hypothesis of sympatric species.
Additional life history, geological, nuclear gene
sequence, shell morphology, and mussel soft tissue
morphology data sets may be required before the
speciation mechanisms are understood and the cryptic
biological diversity formally described.
For the purposes of conservation efforts, each of
the geographically separated C. aberti clades must be
considered ecologically non-exchangeable (Serb and
Barnhart 2008). Cyprogenia aberti (Conrad 1850) was
described from "Chamber's Ford rapids of Verdigris
River, Arkansas", which at that time was part of the
Arkansas Territory, now the present day Oklahoma
(Tomer and Brodhead 1992). Serb (2006) and Serb
and Barnhart (2008) data support restricting C. aberti
to Arkansas River drainage specimens that represent a
distinct phylogenetic species based on mitochondrial
gene, conglutinate, and host fish data. Within
Arkansas, C. aberti (Conrad 1850), when recognized
as occurring only in the Arkansas River drainage, is
known from single localities in Big Piney Creek
(Davidson et al. 2000) and Point Remove Creek
(UMMZ 98754). The Arkansas' status of C. aberti
must now be revised from Special Concern to
Endangered. The restriction of C. aberti to the
Arkansas River drainage substantially reduces its
global range and known populations, and an updated
status review should be conducted to determine if the
species warrants protection under the Endangered
Species Act.
Cyprogenia stegaria (Rafinesque 1820) was
described from the Ohio River, the type has been lost,
and a lectotype (ANSP 20215) was selected by
Johnson and Baker (1973). Specimens from the Clinch
River (Tennessee River drainage) utilized in genetic
comparisons in Serb (2006) and Serb and Barnhart
(2008), although not topotypic, were typical in shell
morphological traits to type drainage specimens.
Specimens from the Black and St. Francis rivers,
Arkansas are morphologically distinctive and similar in
shell morphology to C. stegaria from east of the
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Mississippi River. Based primarily on the results of
Serb and Barnhart (2008), we choose to recognize
specimens from the Black and St. Francis rivers within
Arkansas as C. stegaria sensu lato. It may also occur
in the lower White River downstream of the
confluence with the Black River, but additional genetic
analysis will likely be required to confirm this.
Cyprogenia has not been reported from recent surveys
in the St. Francis River, Arkansas (Posey 1997), and
the species is apparently extremely rare within this
portion of its range.
Lea (1852) described Unio lamarckianus from the
Caddo River, Arkansas and the Washitta (Ouachita)
River, near Hot Springs, Arkansas; however, the
figured holotype (USNM 84306) is labeled White
River, Arkansas. The name Cyprogenia lamarckiana
(Lea 1852) may be available for one of the brown-
conglutinate producing clades if it is determined to
warrant species level recognition. The molecular
genetic data assign specimens from the Caddo,
Ouachita and White rivers to one of the brown-
conglutinate clades (Serb and Barnhart 2008). Until
species relationships are resolved and characters to
identify the species are determined, the remaining
Cyprogenia taxonomic units will be referred to as the
Cyprogenia species complex (Figure 5).
Figure 5. Distribution of Cyprogenia species complex.
Epioblasma florentina curtisii (Frierson and
Utterback 1916) – Curtis pearlymussel. Distribution:
Figure 6. STATUS: Federal - Endangered, State –
Endangered.
Surveys were conducted from 1996-2006 in
Arkansas’s Ozark Highland portions of White River
Drainage streams in search of E. florentina curtisii,
Curtis pearlymussel (Harris et al. 2007). A total of 11
rivers or creeks draining the Ozark Highlands were
partially or completely surveyed covering more than
880 stream kilometers using a combination of
qualitative and quantitative survey methods to sample
276 sites. Survey efforts were concentrated in the
Buffalo, Little Red, Spring, South Fork Spring,
Strawberry, and White rivers (Davidson et al. 1997,
Winterringer 2003, Matthews 2007, Trauth et al. 2007,
Martin 2008).
Figure 6. Distribution of Epioblasma florentina curtisii.
A review of the literature and museum holdings
revealed 4 reported E. florentina curtisii localities in
Arkansas, 2 in the South Fork Spring River, 1 in the
Spring River, and 1 in the Black River. Voucher
specimens are available for 1 of the South Fork Spring
River sites (University of Arkansas Collections,
Fayetteville) and the Spring River at Hardy site (Field
Museum of Natural History, Chicago FMNH 59219
and National Museum of Natural History NMNH
160736). The Black River locality record is in doubt
as no voucher specimens are available, and the
photographic documentation suggests a possible case
of mis-labeled field data.
Surveys conducted in the Little Black River,
Missouri where E. florentina curtisii was last known to
occur did not find any live specimens or shell material
(Bruenderman et al. 2001). Harris et al. (2007) did not
find any live, fresh dead or relict specimens of E.
florentina curtisii in Arkansas. However, live
individuals of E. triquetra (snuffbox) were reported for
the first time from the Buffalo River (Matthews 2007),
and substantial numbers of fresh dead (in muskrat
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middens) and living E. triquetra were found at 2 sites
in the Spring River downstream of Imboden,
Lawrence/Randolph County. Mussel assemblages
having high density and diversity were located in the
Buffalo, Spring, South Fork Spring, and Strawberry
rivers. Those sites where the greatest community
diversity was recorded warrant future survey attention,
as well as continued inspection for the presence of E.
florentina curtisii.
Epioblasma turgidula (Lea 1858) - turgid blossom.
STATUS: Federal - Extinct, State - Extirpated.
Harris and Gordon (1987) listed 1 locality in the
Spring River for E. turgidula based on previous
publications (Johnson 1978) and museum collections
(UMMZ 90742), and Harris et al. (1997) provided no
additional localities for the species. The USFWS
(2007e) concluded that E. turgidula is likely extinct
and recommended proceeding with a proposed
rulemaking to delist the species.
Lampsilis abrupta (Say 1831) - pink mucket.
Distribution: Figure 7. STATUS: Federal -
Endangered, State - Threatened.
Harris (1999) located 6 live L. abrupta at 5 of 119
(4.2%) sites in the Ouachita River upstream of the
confluence with the Caddo River. Stratified random
m2 quadrat samples at 1 site yielded a population
estimate of 36 ± 73 individuals.
Figure 7. Distribution of Lampsilis abrupta.
In the White River, Harris and Christian (2000) re-
sampled 22 mussel assemblages that were originally
defined and quantitatively sampled by Christian
(1995). Three live L. abrupta were found at 2 sites
(White River Mile (RM) 155.6; White RM 221), and
population estimates were 14 ± 49 and 107 ± 214,
respectively. Harris (2002) found 1 sub-fossil L.
abrupta relict in the White River downstream of Lock
and Dam 1 at Batesville, Independence County;
however, no live individuals were encountered at any
of the 49 sites searched from Batesville upstream to
Guion, Stone/Izard County.
Davidson and Clem (2002) located 14 live L.
abrupta at 13 of 147 (8.8%) sites surveyed in 164 rkm
of the Saline River. Lampsilis abrupta was distributed
throughout the survey area and was generally found
along inside bendways with substrate comprised of
sand with gravel. This species is rare upstream of
Arkansas Highway 167 (2 of 62 sites, 3.2%) but was
more frequently encountered downstream of Arkansas
Highway 167 (11 of 85, 12.9%). Davidson and Clem
(2004) found 8 live L. abrupta at 6 of 83 (7.2%) sites
surveyed in 81 rkm of the Saline River.
Christian and Harris (2004) found 6 live L. abrupta
at 4 of 131 (3.1%) total sites surveyed in the Little
Missouri River, and it comprised 0.17% of the total
live mussels examined. All L. abrupta sites were
located downstream of U.S. Highway 67,
Clark/Nevada County.
Harris (2006) found 14 total live L. abrupta at 4
sites (n = 1 to 8/site) in the Saline River that yielded
population estimates ranging from 49 ± 89 to 883 ±
460. A total of 4 live L. abrupta were found at 4 of 6
sites sampled in the Ouachita River that yielded
population estimates ranging from 63 ± 131 to 252 ±
503.
Brooks et al. (2008) reported finding only relict L.
abrupta shells at 50 survey sites in Bayou
Bartholomew. George and Vidrine (1993) found live
L. abrupta individuals in the Louisiana portion of
Bayou Bartholomew.
Glebula rotundata (Lamarck 1819) - round
pearlshell. Distribution: Little Missouri River.
STATUS: State - Endangered.
Glebula rotundata is primarily distributed in Gulf
Coast drainages from the Ochlockonee River in Florida
west to the Guadalupe River in Texas (Howells et al.
1996). Call (1895) and Gordon et al. (1980) suspected
that G. rotundata occurred in Arkansas, and Gordon
(1983) reported it from a silted in oxbow lake dating
1400 to 1600 A.D. in the Bayou Bartholomew
drainage, Drew County, Arkansas. However, Brooks
et al. (2008) did not find G. rotundata in their recent
survey of Bayou Bartholomew.
A single specimen of G. rotundata was reported
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from the Little Missouri River, Clark/Nevada County
(Christian and Harris 2004, Anderson 2006).
Additional genetic analyses are underway to confirm
the identity of the Little Missouri River specimen.
Lampsilis powellii (I. Lea 1852) - Arkansas
fatmucket. Distribution: Figure 8. STATUS: Federal
- Threatened, State - Threatened.
Figure 8. Distribution of Lampsilis powellii.
Substantial survey effort has been expended since
Harris et al. (1997) to further define the range and
conservation status of L. powellii. Harris (1999)
reported results of a mussel survey encompassing
approximately 40 rkm of the Ouachita River from
downstream of Remmel Dam (forming Lake
Catherine) to the confluence with the Caddo River.
Sample effort included 119 sites investigated with
timed searches at 23 sites yielding 2780 specimens,
semi-quantitative quadrat sampling at 15 sites (51 m2
quadrats) yielding 526 specimens, and quantitative
sampling of 5 mussel assemblages (94 m2 quadrats)
yielding 618 specimens. A single L. powellii
individual was encountered approximately 11.1 rkm
downstream of Interstate 30 and likely represents the
downstream limit for the species in the Ouachita River.
Davidson (1997) recorded 34 species from among
548 specimens collected at 4 sites in the most
downstream 16 rkm of the Little Missouri River
(confluence with Ouachita River at Tates's Bluff
upstream to Riffe Ford). Christian and Harris (2004)
reported results for 131 sites surveyed in the Little
Missouri River between Arkansas Highway 195 south
of Delight, Pike County, downstream to Riffe Ford, a
distance of approximately 83 rkm. A total of 3533 live
mussels were collected during the survey representing
37 species. No L. powellii were found in the Little
Missouri River during either survey.
During 2001-2002, Davidson and Gosse (2003)
surveyed approximately 4 rkm of the Saline River at
the confluence with Holly Creek (Holly Creek
Bottoms) near Haskell, Saline County. Five mussel
assemblages were sampled qualitatively yielding 264
specimens distributed among 24 species. Two of the
assemblages were further sampled quantitatively by
excavating m2 quadrats (n = 5, n = 12) yielding an
additional 242 specimens represented by 21 species. A
total of 3 L. powellii were found at 2 of the 5
assemblages.
Davidson and Clem (2002, 2004) surveyed
approximately 240 rkm of the mainstem Saline River
from near Tull, Grant County to the northern boundary
of Felsenthal National Wildlife Refuge (NWR).
Davidson and Clem (2002) located 95 mussel beds
(area ≥100 m2, ≥10 mussels/m2) and 52 mussel
concentrations (area <100 m2 and/or <10 mussels/m2)
in approximately 164 rkm and examined 11,204
individuals representing 41 species. Eighteen L.
powellii specimens, representing 0.16% of total
mussels, were found at 9 sites, extending the known
range approximately 42 rkm downstream to U.S.
Highway 270 between Poyen and Prattsville, Grant
County. Davidson and Clem (2004) located 74 mussel
beds and 9 mussel concentrations in 81 rkm between
Arkansas Highway 15 and the northern boundary of
Felsenthal NWR and examined 10,112 mussels
representing 35 species. No new L. powellii sites were
found by Davidson and Clem (2004) in this
downstream segment of the Saline River.
During 2003-2004, Scott (2004), Farris et al.
(2005), and Christian et al. (2006) sampled populations
to determine relative abundance and demographics,
examine reproductive biology, identify suitable fish
hosts, and assess and characterize habitat use of L.
powellii. Study sites included 33 localities on the
Saline, Ouachita, and Caddo rivers in the Ouachita
Mountains Ecoregion of western Arkansas where live
L. powellii were previously known to occur. Harris
and Gordon (1988) sampled 30 of the 33 sites in the
original L. powellii status survey. In the Saline River
drainage, 5 sites were located on the main stem of the
Saline River, 4 on the Alum Fork, 7 on the Middle
Fork, and 1 on the North Fork in Grant and Saline
counties, Arkansas. In the Ouachita River drainage, 5
sites were located on the main stem of the Ouachita
River, 8 on the South Fork, and 1 on the North Fork in
Unionoida (Mollusca: Margaritiferidae, Unionidae) in Arkansas, Third Status Review
Journal of the Arkansas Academy of Science, Vol. 63, 2009
63
Polk and Montgomery counties, Arkansas. The final 2
sites were located on the main stem of the Caddo River
in Pike County. A total of 137 L. powellii were found
at 19 of the 33 sites surveyed. Lampsilis powellii
abundance was reduced when compared to values
reported by Harris and Gordon (1988), where 151 L.
powellii were reported from 29 sites. Slightly fewer
individuals (14) were located overall and 21 sites had
fewer L. powellii, while 7 sites showed an increase in
abundance when compared to Harris and Gordon
(1988). Micropterus punctulatus and M. salmoides are
the optimal fish hosts, while Ambloplites ariommus,
Lepomis cyanellus, L. megalotis, L. macrochirus, and
M. dolomieu appear to be marginal hosts with low
(<1%) juvenile transformation success (Scott 2004,
Christian et al. 2006).
The USFWS initiated a 5-year status review of L.
powellii in September 2006 (USFWS 2006). The
USFWS – Arkansas Field Office and AGFC with
assistance from the USDA Ouachita National Forest
conducted a range wide status assessment for L.
powellii during 2006 and 2007. A total of 92 sites
were surveyed, and more than 100 person/hours of
search time were expended resulting in 4,762 live
mussels collected. Results from this survey yielded 15
new sites (South Fork Ouachita River [1], Caddo River
[1], Ouachita River [1], Middle Fork Saline River [3],
Alum Fork Saline River [9]) for L. powellii not
previously documented within its range. Catastrophic
declines have occurred in the Caddo River, South Fork
Ouachita River, South Fork Saline River, and North
Fork Saline River since the surveys of Harris and
Gordon (1988) and Burns and McDonnell (1992a,
1992b). Habitat instability due to land use changes and
instream gravel mining are thought to be the primary
causes of the decline in L. powellii abundance.
An analysis of lampsiline species closely related to
L. powellii using mitochondrial DNA sequences from 2
independently transmitted mitochondrial genomes
failed to detect any species diagnostic nucleotide
substitutions differentiating L. powellii and L.
siliquoidea (Harris et al. 2004; R. Hoeh, Kent State
University, personal communication, 2009).
Additional genetic analyses utilizing more specimens
and also another gene region (Internal Spacer Region –
ITS) have been completed for the L. powellii – L.
siliquoidea clade. The results of the ITS analysis also
failed to corroborate the species level validity and
taxonomic distinction of L. powellii. Additional
analyses using AFLP (amplified fragment length
polymorphism) PCR (polymerase chain reactions) and
total genomes of specimens of L. powellii and L.
siliquoidea are in progress as a final attempt to validate
the specific identity of L. powellii. In addition,
comparisons of L. powellii and L. siliquoidea using
geometric morphometric analysis of shell shape and
traditional morphometric analysis of glochidia shape
from Scanning Electron Microscopy (SEM) images are
underway to determine if morphological characteristics
for the 2 currently recognized taxa are significantly
different.
Lampsilis streckeri Frierson 1927 - speckled
pocketbook. Distribution: Figure 9. STATUS:
Federal - Endangered, State - Endangered.
Figure 9. Distribution of Lampsilis streckeri.
Winterringer (2003) sampled populations in the
Middle Fork Little Red River (MFLRR) to determine
relative abundance and demographics, examine
reproductive biology, identify suitable fish hosts, and
assess and characterize habitat use of L. streckeri.
Winterringer (2003) tested 22 fish species for their host
potential, and L. streckeri glochidia successfully
transformed on 7 centrarchid species, with the highest
transformation success recorded for L. cyanellus
(>36% transformation rate), L. megalotis (>20%
transformation), and L. gulosus (>18% transformation).
Winterringer (2003) extended the known range of
L. streckeri in the MFLRR upstream approximately 69
rkm to near Leslie, Searcy County. Collections by the
USFWS and AGFC extended the known range an
additional 16 rkm upstream to near the confluence with
Little Red Creek (USFWS 2007a). Surveys conducted
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in 2004-2006 rediscovered extant L. streckeri
populations in Archey, Beech, South and Turkey forks
of Little Red River and a previously undocumented L.
streckeri population was discovered in Big Creek, a
south flowing Little Red River tributary downstream of
Greers Ferry Reservoir (Davidson and Wine 2004,
Davidson 2005, USFWS 2007a). The current known
range includes the MFLRR from the influence of
Greers Ferry Reservoir upstream to the confluence of
Little Red Creek (approximately 101 rkm), the South
Fork Little Red River from Arkansas Highway 95
upstream to near the western boundary of Gulf
Mountain Wildlife Management Area and the Ozark
National Forest (approximately 23 rkm), the Archey
Fork Little Red River from approximately 1.6 rkm
upstream of U.S. Highway 65 upstream to the
confluence with Castleberry Creek (approximately 26
rkm), lower Turkey Fork (approximately 3.2 rkm),
Beech Fork Little Red River (approximately 18 rkm),
and Big Creek (approximately 16 rkm) (USFWS
2007a).
The USFWS and AGFC conducted a
comprehensive threats assessment survey for L.
streckeri during 2004 - 2005 and identified several
threats associated with land use practices including
unrestricted cattle access to streams, eroding stream
banks, and gravel mining (Davidson and Wine 2004,
Davidson 2005). Since 2005, a new threat to L.
streckeri has evolved in the form of exploration and
development of natural gas reserves in the Fayetteville
Shale formation. Potential impacts include dewatering
or decreased base flows, habitat fragmentation,
increased sedimentation, pollution runoff, and
chemical spills (USFWS 2007a).
Conservation measures to benefit L. streckeri
include development of a comprehensive conservation
strategy (USFWS 2005) to protect existing populations
and restore or enhance suitable habitat upstream of
Greers Ferry Reservoir in advance of possible
reintroductions. A programmatic Safe Harbor
Agreement was signed in November 2005 by the
USFWS Arkansas Field Office, the AGFC, the Natural
Resources Conservation Service, and The Nature
Conservancy to help implement the conservation
strategy and encourage private landowner conservation
efforts.
The overall population trend since listing has
increased due to the discovery of the additional
populations. However, given the potential threats, L.
streckeri should remain an Endangered species as
defined by the Endangered Species Act (USFWS
2007a).
Leptodea leptodon (Rafinesque 1820) - scaleshell.
Distribution: Figure 10. STATUS: Federal -
Endangered, State - Endangered.
Figure 10. Distribution of Leptodea leptodon.
Harris and Christian (2000) reported a single live
L. leptodon from the White River downstream of
Newport, White County. This probably represents the
downstream limit for L. leptodon in the White River
drainage as it is considered an Interior Highlands
species that prefers small to medium sized rivers in
Arkansas (USFWS 1998, 1999, 2004a). Stoeckel and
Moles (2002) resurveyed portions of the South Fourche
LaFave River using both qualitative and quantitative
methods in search of L. leptodon that was reported by
Harris (1992). Stoeckel and Moles (2002) examined
2,664 live mussels distributed among 19 species;
however, no live or relict L. leptodon were
encountered.
The USFWS (2007f) initiated a 5-year status
review of L. leptodon. Systematic surveys at known
sites where L. leptodon has occurred historically are
needed to determine its status in Arkansas.
Margaritifera hembeli (Conrad 1838) - Louisiana
pearlshell. Distribution: Figure 11. STATUS: Federal
- Endangered, State - Endangered.
M. hembeli is provisionally added to the state
mussel fauna based on Smith (2001) mapping a single
locality from Bayou Dorcheat, Columbia County.
Mussel specific surveys are lacking for Bayou
Dorcheat and most Red River tributaries in the
southwestern portion of the state.
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Figure 11. Distribution of Margaritifera hembeli and Quadrula
refulgens.
Quadrula fragosa (Conrad 1835) - winged
mapleleaf. Distribution: Figure 12. STATUS: Federal
- Endangered, State - Endangered.
Figure 12. Distribution of Quadrula fragosa.
Davidson and Clem (2002, 2004) surveyed
approximately 240 rkm of the mainstem Saline River
from near Tull, Grant County downstream to the
northern boundary of Felsenthal NWR. Davidson and
Clem (2002), in a survey of 159 rkm of the Saline
River, reported 1 live Q. fragosa specimen
approximately 3.2 rkm downstream of Mt. Elba in
substrate that consisted of gravel with sand. This site
is a substantial distance (approximately 109.7 rkm)
upstream of the confluence with the mainstem
Ouachita River. Davidson and Clem (2004) reported 8
live Q. fragosa specimens (representing 0.08% of the
total mussels encountered) from 6 sites in the Saline
River downstream of Arkansas Highway 15, Bradley
County to Felsenthal NWR, a distance of
approximately 81 rkm.
Harris (2006) conducted stratified random quadrat
sampling for Q. fragosa population estimates at 10
sites, 6 in the Ouachita River and 4 in the Saline River.
Quadrula fragosa was found in 4 of the 6 Ouachita
River mussel assemblages sampled and at all 4
assemblages in the Saline River. The 2 Ouachita River
assemblages where Q. fragosa was not found were
positioned in more upstream, higher gradient portions
of the river than the assemblages where Q. fragosa was
detected. Quadrula fragosa was found at depths
ranging from <1.0 m in the Saline River (Site SRB
141) to >10.0 m in the Ouachita River (Sites ORB 79B
and ORB 152). A total of 55 live Q. fragosa were
sampled from the 4 Saline River sites (range of n = 6 to
27), and population estimates ranged from 510 ± 253
to 9,217 ± 4,114. A total of 22 Q. fragosa were
sampled from the 4 Ouachita River sites (range of n =
2 to 9) where they were found, and population
estimates ranged from 217 ± 261 to 1,770 ± 1,227.
Quadrula fragosa is known to occur in
approximately 72.4 rkm of the Ouachita River
beginning at the downstream end of the Little Missouri
River and extending downstream to Site ORB 27M of
Posey (1997). Quadrula fragosa has not been found in
the remainder of the Little Missouri River despite
substantial sampling effort by Davidson (1997) and
Christian and Harris (2004). Harris (2005) found Q.
fragosa approximately 850 m upstream of Site ORB
79B in habitat not typically supporting a high density,
species rich mussel assemblage. Additional effort to
define Q. fragosa distribution within the major and
minor mussel assemblages defined by Posey (1997)
would be appropriate since the species was not
recognized during the initial survey effort. Quadrula
fragosa is known to occur in approximately 105 rkm of
the Saline River as determined by Davidson and Clem
(2002, 2004). Population estimates for Q. fragosa in
the remaining assemblages where it was found by
Davidson and Clem and periodic monitoring of
selected assemblages throughout the reach would be
appropriate.
Galbraith et al. (2008) resurveyed sites in the
Kiamichi River, Oklahoma and surveyed additional
sites in the Little River, Oklahoma to determine the
status of federally listed and other rare species of
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mussels in rivers of southeastern Oklahoma. They
found individuals that genetic analysis confirmed to be
Q. fragosa at 4 sites in the Little River. Densities of Q.
fragosa ranged from 0.13-0.53 individuals/m2. A
single relict Q. fragosa (ASUMZ 1960) was
encountered in the Little River downstream of
Millwood Dam, Little River/Hempstead County,
Arkansas during surveys for A. wheeleri (Seagraves
2006).
The USFWS recently initiated a 5-year status
review for Q. fragosa (USFWS 2009a). As part of this
review, additional survey effort should be expended in
the Little River and its major tributaries, the Cossatot
and Saline rivers, to determine Q. fragosa's status in
the Red River drainage of Arkansas.
Potamilus capax (Green 1832) - fat pocketbook.
Distribution: Figure 13. STATUS: Federal -
Endangered, State - Threatened.
Figure 13. Distribution of Potamilus capax.
Potamilus capax has been the subject of intense
research, survey, and conservation efforts over the last
10+ years, and is probably the most studied mussel in
Arkansas over that time period. Reports of P. capax in
the White River have been sporadic with no reports of
live specimens since the 1960s (Harris and Gordon
1987), until Harris and Christian (2003) found a single
live specimen of P. capax in the main channel White
River at Gunbarrel Reach (RKm 17.7-20.0). In
addition, Ecological Specialists, Inc. (2006) reported a
weathered P. capax shell from the White River at
DeValls Bluff, Prairie County.
The Arkansas State Highway and Transportation
Department (AHTD) (2001) found P. capax at the U.S.
Highway 64 crossing of the St. Francis River at Parkin,
Poinsett County (St. Francis River RKm 127.0). The
subsequent relocation effort to minimize bridge
construction related impacts from a 300 m-long reach
resulted in the recovery of 5,540 total mussels
representing 28 species, including 23 (0.4%) live P.
capax (AHTD 2001).
Stansbery and Stein (1982) surveyed the project
site at Parkin (among others) in August 1978 and
collected a total of 337 specimens representing 21
species; however, P. capax was not collected at that
time. Ahlstedt and Jenkinson (1991) summarized the
survey results of 144 mainstem and tributary (ditch)
sites covering approximately 400 rkm. Ahlstedt and
Jenkinson (1991) defined the area of the St. Francis
River from Allen Bayou (RKm 89.0) upstream to the
Siphon's Access near Marked Tree, Poinsett County
(RKm 249.6) as the "Lower River". They surveyed 35
sites within that area, but found no live P. capax.
Posey (1997) sampled 4 mussel assemblages between
RKm 121.2 and RKm 136.8 but no P. capax were
encountered. The discovery of P. capax in the St.
Francis River at Parkin appears to represent a recent
range extension or a population increase to levels
detectable by standard qualitative survey methods.
Wentz (2008) reported the first P. capax specimens
from the Tyronza River where he encountered 13 live
specimens from among 4,030 total mussels. The
confluence of the Tyronza and St. Francis rivers is
approximately 1.8 rkm upstream of Parkin, Cross
County, Arkansas.
During April and May 2005, Ecological
Specialists, Inc. (2005b) performed a mussel relocation
from approximately 3.7 km of Ditch 10 in Craighead
and Poinsett counties, Arkansas. A total of 4,524
unionids representing 17 species were recovered from
Ditch 10, and 16 of these individuals were P. capax.
These 16 specimens were relocated to Stateline Outlet
Ditch, Mississippi County, for future monitoring.
Stateline Outlet Ditch (Ditch 81) has received the
most attention since 2000 due to the need for channel
maintenance (dredging) of 5.6 rkm to improve
hydraulic conveyance for flood control. Harris
(2001b) quantitatively sampled 50 transects (2,225 m2
quadrats), recovered 31 live P. capax, and estimated
the total P. capax population within the 5.6 rkm reach
at 3,072 ± 121.
As part of formal consultation under the
Endangered Species Act, the USFWS issued a
Biological Opinion requesting the removal and
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relocation of all P. capax in the area to be dredged.
The Biological Opinion directed that “…approximately
3,000 specimens of P. capax will need to be
translocated from Stateline Outlet Ditch…” In Spring
2002, the US Army Engineer Research and
Development Center (ERDC) performed a systematic
recovery and relocation of P. capax from Stateline
Outlet Ditch prior to maintenance dredging (Miller et
al. 2003). A total of 2,042 P. capax were relocated to
2 sites in the St. Francis River and 1 site in Ditch 29.
In March 2005, following the maintenance
dredging operations in Summer/Autumn 2002, a
second quantitative sample effort was conducted over
the same 5.6 rkm of Stateline Outlet Ditch using the
same methodology as Harris (2001b). Fifty sampled
transects (2,859 m2 quadrats) yielded 64 live P. capax,
and the total P. capax population estimate was 6,763 ±
1,553. Potamilus capax population size structure was
similar among the 2001, 2002, and 2005 sample
events. Although 2,000+ Potamilus capax individuals
were removed from the population (Miller et al. 2003)
and channel maintenance (dredging) operations
affected approximately 50% of the channel (Miller and
Payne 2006), population size reportedly doubled
during the period from 2001 to 2005. Without
substantial recruitment as a factor, other contributions
may have been horizontal migration (upstream or
downstream) by P. capax into the sample reach or
vertical migration where P. capax individuals reside at
depths >15 centimeters below the substrate during
temporal or seasonal phases, resulting in an
underestimate of population size with the sample
methods that were employed. Either explanation falls
outside the bounds of current concepts regarding
distance of horizontal and vertical mussel migrations.
Peck et al. (2007) offers some insight with 2 short term
(3-month) movement studies of P. capax in Stateline
Outlet Ditch resulting in mean displacement of
approximately 20 m and maximum displacement of
150+ m. Both of these distances are greater than
previously published distances for mussel movements
(Balfour and Smock 1995, Amyot and Downing 1997,
Schwalb and Pusch 2007).
Miller and Payne (2005) suggested the status of P.
capax is improving within the St. Francis watershed,
and the recent distribution and population data
previously summarized do not suggest otherwise.
However, threats to water quality and physical habitat
essential to P. capax populations within Arkansas
continue to manifest themselves. For instance, in
Autumn 2008, a chemical release into Stateline Outlet
Ditch from approximately 2 rkm upstream in Missouri
killed fish and mussels in an approximately 5 rkm
reach of Stateline Outlet Ditch. Miller and Payne
(2006) and Payne et al. (2007) stated that Harris et al.
(1997) recommended P. capax be down-listed to
threatened. We continue to consider the status of P.
capax within Arkansas as threatened, which in no way
contradicts its range-wide listing status of endangered
under the Endangered Species Act, as amended. The
USFWS (2007d) is currently conducting a 5-year status
review for P. capax.
Federal Candidate Species
Cumberlandia monodonta (Say 1829) -
spectaclecase. Distribution: Figure 14. STATUS:
Federal - Candidate, State - Endangered.
Figure 14. Distribution of Cumberlandia monodonta.
Cumberlandia monondonta is now known from 6
localities in Arkansas, 5 in the Ouachita River and 1 in
the Mulberry River. New localities discovered since
Harris et al. (1997) include the Ouachita River
immediately downstream of U.S. Highway 79B in
Camden, Ouachita County, represented by 1 live
specimen and the Ouachita River immediately
downstream of the Ouachita National Forest Drag Over
Access, Montgomery County, represented by 1
weathered relict specimen.
Butler (2002) summarized the range-wide status
and threats to C. monodonta. The USFWS (2007g)
considers the range-wide threats to C. monodonta to be
of high magnitude.
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Lampsilis rafinesqueana Frierson 1927 - Neosho
mucket. Distribution: Illinois River. STATUS:
Federal - Candidate, State - Endangered.
Harris (1998) conducted a status survey of L.
rafinesqueana in Arkansas and found it at 19 of 22
survey sites in the Illinois River, Washington and
Benton counties. Although L. rafinesqueana was the
third most abundant species collected (157 live
individuals, 12.6% of total mussels) from the
approximately 50 rkm surveyed, there was little
evidence of recent recruitment. The AGFC surveyed 2
sites in 2005, and 76 live L. rafinesqueana (26% of
total mussels) were found at a site upstream of
Robinson Road bridge while 16 live L. rafinesqueana
were collected 800 m downstream of Chambers Spring
Road.
The AGFC and USFWS conducted a
comprehensive status survey for L. rafinesqueana in
the Arkansas portion of the Illinois River in 2008.
Live specimens of L. rafinesqueana were collected at 9
of 15 survey sites. There was a 32% decline in number
of survey sites versus the Harris (1998) status survey
and a 53% decline in the number of sites inhabited by
L. rafinesqueana. Sixty-seven percent of the sites with
L. rafinesqueana present were represented by 3 or
fewer live individuals. Lampsilis rafinesqueana was
the fourth most abundant species in this portion of the
river, but 3 sites accounted for 85% of L.
rafinesqueana individuals (52) collected during this
survey. Of the 15 survey sites, only 2 appear stable
with the rest in decline and extirpation imminent. No
mussels were collected at the AGFC 2005 sites during
2008, further documenting the precipitous decline of
mussels in the Arkansas portion of the Illinois River.
The species has not been found in surveys of other
tributaries of the Arkansas River in Arkansas (Harris
and Gordon 1987, Harris et al. 1997).
State Endangered Species
Alasmidonta viridis (Rafinesque 1820) -
slippershell mussel. Distribution: Figure 15.
STATUS: State – Endangered
Three additional localities for A. viridis have been
recorded since Harris et al. (1997). In 2003, 1 live A.
viridis was found and released in the Buffalo River
upstream of the Arkansas Highway 7 crossing at Pruitt,
Newton County. Martin (2008) collected 2 specimens
from the South Fork of the Spring River, but these
were initially misidentified (as Venustaconcha pleasii)
until they were processed as voucher specimens and
catalogued as ASUMZ 5020 - 5021. Weathered dead
specimens were collected from the White River
upstream of Batesville, Independence County (Harris
2002). This diminutive species continues to be
extremely rare and elusive in Arkansas.
Figure 15. Distribution of Alasmidonta viridis.
Anodontoides ferussacianus (I. Lea 1834) -
cylindrical papershell. Distribution: Little Red and St.
Francis rivers. STATUS: State - Endangered.
There are no recent records for A. ferussacianus
from Arkansas. Its occurrence in Arkansas is based on
UMMZ records from the Little Red River (UMMZ
105556) and the St. Francis River at Marked Tree,
Poinsett County (UMMZ 130108). We expect A.
ferussacianus to occur in the Arkansas River drainage
based on museum specimens collected in extreme
eastern Oklahoma (A. Bogan, North Carolina State
Museum of Natural History, personal communication,
2009).
Cyprogenia aberti (Conrad 1850) - western
fanshell. Distribution: Refer to Figure 4. STATUS:
State - Endangered.
See account and discussion under C. stegaria.
Epioblasma triquetra (Rafinesque 1820) –
snuffbox. Distribution: Figure 16. STATUS: State –
Endangered.
Butler (2007) summarized the range-wide
conservation status and threats of E. triquetra. In
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Arkansas, Matthews (2007) found 2 live E. triquetra
from a single site representing the first reported
occurrence in the Buffalo River. Harris et al. (2007)
found 5 live E. triquetra in the Spring River
downstream of Imboden, Lawrence/Randolph County,
as well as numerous fresh dead specimens (ASUMZ
2821 - 2831, 3013 - 3016, and 3250 - 3251) in muskrat
middens scattered along approximately 5 rkm.
Epioblasma triquetra is apparently more abundant in
the Spring River than previously thought; however, it
continues to be one of the rarest mussels in the state.
Figure 16. Distribution of Epioblasma triquetra.
Lampsilis ornata (Conrad 1835) - southern
pocketbook. Distribution: Figure 17. STATUS: State
- Endangered.
Harris et al. (1997) considered the taxonomic
status of L. ornata (listed as L. excavata in Harris and
Gordon 1987) in Arkansas uncertain. Subsequent
molecular studies (Harris et al. 2004) confirmed that L.
ornata occurs in Arkansas. It appears confined to the
middle reaches of the Caddo and Ouachita rivers, and
occurs in the mainstem of the Saline River from the
Fall Line to near the mouth, all in the Ouachita River
drainage. Recent status surveys for L. powellii
conducted by the USFWS - Arkansas Field Office and
AGFC found L. ornata at 2 sites in the Alum Fork
Saline River. Davidson and Clem (2002, 2004) did not
identify L. ornata from the Saline River; however, no
effort was made to differentiate L. ornata from L.
cardium. During quantitative quadrat sampling at 4
locations, Harris (2006) encountered 2 live L. ornata at
1 site. Additional specimens have been collected from
the Saline River at Benton, Saline County, and Little
Missouri River near the confluence with the Ouachita
River, Clark/Ouachita counties. The Arkansas
population is apparently disjunct from the primary
distribution of L. ornata in eastern Gulf Coast
drainages from the Escambia River, Florida west to the
Amite River, Louisiana (Vidrine 1993, Williams et al.
2008).
Figure 17. Distribution of Lampsilis ornata.
Potamilus alatus (Say 1817) - pink heelsplitter.
Distribution: Figure 18. STATUS: State - Endangered.
Five additional locations are available for P.
alatus. Miller et al. (2001) reported the first record of
P. alatus from the White River drainage, finding 3 live
specimens in the White River at De Valls Bluff, Prairie
County. In 2001, Memphis District Corps of
Engineers personnel encountered P. alatus at 3 sites in
the St. Francis Floodway at county road bridge
crossings in Lee and St. Francis counties (M. Smith,
U.S. Army Corps of Engineers, personal
communication, 2009). One live P. alatus was
encountered by AHTD personnel during a 2002 survey
of the St. Francis River Cut-off, AR Highway 50, St.
Francis County, prior to bridge pier scour maintenance
activities.
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Figure 18. Distribution of Potamilus alatus.
Quadrula refulgens (Lea 1868) - purple
pimpleback. Distribution: See Figure 11. STATUS:
State - Endangered.
Williams et al. (2008) state that Q. refulgens is
endemic to the Gulf Coast of Mississippi and
Louisiana from the Pascagoula River drainage west to
the Lake Ponchartrain drainage, citing distributional
information from Vidrine (1993) and Jones et al.
(2005). A single specimen of Q. refulgens (ASUMZ
5018) was collected in May 2002 from Bayou Macon
at Arkansas Highway 1, Desha County, and its identity
was confirmed by molecular genetic analysis (J. Serb,
University of Iowa, personal communication, 2009).
Brooks et al. (2008) did not report Q. refulgens from
Bayou Bartholomew in Arkansas; however, no effort
was made to differentiate Q. refulgens from Q.
pustulosa during the survey (D. Hayes, Arkansas State
University, personal communication, 2009).
Simpsonaias ambigua (Say 1825) - salamander
mussel. Distribution: Black, Spring, and Little Red
rivers. STATUS: State - Endangered.
Harris and Gordon (1987) reported 3 site records
for S. ambigua in Arkansas: Black River at Black
Rock, Lawrence County; Spring River at Imboden,
Lawrence/Randloph County; and Little Red River at
Clinton, Van Buren County. No additional sites have
been recorded for S. ambigua, despite substantial
survey efforts in each of the rivers from which it has
been reported (Winterringer 2003, Davidson and Wine
2004, USFWS 2005, 2007a, Harris et al. 2007, Trauth
et al. 2007, Martin 2008).
Venustaconcha ellipsiformis (Conrad 1836) –
ellipse. Distribution: Figure 19. STATUS: State -
Endangered.
Figure 19. Distribution of Venustaconcha ellipsiformis.
The Arkansas' distribution of V. ellipsiformis is
restricted to the Arkansas River drainage, while its
congener, V. pleasii, is found only in the White River
drainage (Gordon 1980, Riusech and Barnhart 2000).
In 1994, Harris (1998) collected only 5 live V.
ellipsiformis from 22 sites surveyed in the Illinois
River. In 2008, the AGFC and USFWS recorded only
1 live specimen from 15 sites surveyed.
This species has a broad distribution in the central
United States including Illinois, Indiana, Iowa, Kansas,
Michigan, Minnesota, Missouri, Ohio and Wisconsin
(Allen et al. 2007), but V. ellipsiformis is on the
southwestern periphery of its range in Arkansas. The
low population numbers and restricted distribution of
V. ellipsiformis, with known localities only in the
Illinois River and Lee Creek, mandates that it be
considered endangered within Arkansas.
State Threatened Species
Lampsilis sp. B cf. L. hydiana - undescribed Red
River fatmucket. Distribution: Figure 20. STATUS:
State - Threatened.
Turner et al. (2000) found unusual patterns of
population fragmentation possibly indicative of
taxonomic differentiation within L. hydiana. Harris et
al. (2004) conducted a phylogenetic analysis of
several lampsiline species occurring in Arkansas with
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Figure 20. Distribution of Lampsilis hydiana, L. sp. A cf. L.
hydiana, and L. sp. B cf. L. hydiana.
emphasis on resolving relationships within clades that
included L. hydiana. Results revealed that populations
previously considered L. hydiana in Arkansas and
Oklahoma were actually composed of 3 distinct
taxonomic units. Lampsilis hydiana occurs in the
Arkansas, Red, Ouachita and White river drainages and
can be syntopic with the undescribed taxa. Lampsilis
sp. A cf. L. hydiana occurs in high gradient tributaries
to the Arkansas River, primarily in Arkansas, and
Lampsilis sp. B cf. L. hydiana occurs in high gradient
tributaries to the Red River, primarily in Oklahoma.
When the 2 undescribed species co-occur with L.
hydiana, it is usually in the transitional habitat between
the Arkansas or Red river floodplain (L. hydiana) and
the higher gradient streams traversing the Boston or
Ouachita mountains (L. sp. A cf L. hydiana or L. sp. B
cf. L. hydiana).
Pleurobema cordatum (Rafinesque 1820) - Ohio
pigtoe. Distribution: Figure 21. STATUS: State -
Threatened.
The identification of P. cordatum in Arkansas is
problematic due to convergence of shell morphological
characteristics with P. rubrum and P. sintoxia.
Christian et al. (2008) were unable to firmly document
P. cordatum in Arkansas due to lack of useable DNA
sequences from topotypic specimens (type locality
Ohio River). Roe (2002) and Williams et al. (2008)
describe P. cordatum as inhabiting medium to large
rivers. In Arkansas, specimens morphologically similar
to topotypic P. cordatum occur in the Ouachita, White,
and St. Francis river drainages (Christian et al. 2008).
Figure 21. Distribution of Pleurobema cordatum.
State Special Concern Species
As a result of our reevaluation, 23 species are now
ranked as Special Concern in Arkansas. A select group
of taxa are presented in the following discussion that
illustrates the range in rationale for ranking species as
Special Concern.
Obovaria jacksoniana (Frierson 1912) - southern
hickorynut. Distribution: Figure 22. STATUS: State –
Special Concern and Villosa arkansasensis (Lea 1862)
- Ouachita creekshell. Distribution: Figure 23.
STATUS: State – Special Concern.
Figure 22. Distribution of Obovaria jacksoniana.
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Figure 23. Distribution of Villosa arkansasensis.
Inoue (2009) investigated the taxonomy,
conservation status, and life history attributes of O.
jacksoniana in Arkansas. Although O. jacksoniana is
morphologically distinct from V. arkansasensis, they
are indistinguishable genetically using 3 mitochondrial
(COI, ND1, and 16S) and 1 nuclear (28S) DNA genes.
The data revealed phylogeographic structuring between
Ouachita River and Red River drainage O. jacksoniana
populations. Despite testing 18 potential host fish
species, the host for O. jacksoniana was not
definitively determined. Apart from Inoue (2009) life
history sites, live O. jacksoniana were collected at 69
sites from 1997-2008, but only 117 specimens were
found (x = 1.7/site).
Farris et al. (2005), Christian et al. (2006, 2007),
and USFWS (2007b) present data regarding the current
status of V. arkansasensis. Christian et al. (2007)
reported relative numbers of V. arkansensis collected
(n = 70) were significantly lower than Harris and
Gordon (1988) (n = 98) in the Ouachita and Saline
rivers. Christian et al. (2007) found 13 sites with fewer
individuals, 3 sites having more individuals, and 1 site
having the same number of live V. arkansasensis as
Harris and Gordon (1988) sites. Christian et al. (2007)
reported catch per unit effort below 0.5 V.
arkansasensis per hour for most stations. Size
frequency data of Ouachita River and Saline River V.
arkansasensis indicate medium to large individual size
ranges with no individuals smaller than 30 mm in
length observed, suggesting limited recruitment. In
2006, the AGFC and USFWS sampled previously
unsurveyed reaches in the Middle Fork Saline River
and the Alum Fork Saline River resulting in 1 site on
the Middle Fork with 1 live individual and 3 sites on
the Alum Fork yielding 21 live V. arkansasensis. The
USFWS (2007b) determined V. arkansasensis is
declining in two Ouachita River basin streams and the
Poteau River (13% of stream populations).
Additionally, the species has been extirpated from 3
Ouachita River basin streams, thus 26% of Ouachita
River basin stream populations are extirpated or
declining. Population viability and trends for V.
arkansasensis are unknown for 48% of historic stream
populations.
Both O. jacksoniana and V. arkansasensis are
relatively widespread, can be abundant in preferred
habitat, but show trends toward population declines.
Therefore, we have chosen to retain the State Special
Concern status until the taxonomic relationship of O.
jacksoniana and V. arkansasensis is resolved.
Ligumia recta (Lamarck 1819) - black sandshell.
Distribution: Figure 24. STATUS: State - Special
Concern.
Figure 24. Distribution of Ligumia recta.
Although L. recta is widely distributed in the
Ouachita, St. Francis, and White river drainages, it is
never very abundant. The ANHC mussel database has
records of L. recta collected between 1997-2008 for
104 sites; however, the number of live L. recta
encountered totals 241 (x = 2.3 / site), and the
maximum found at any site was 12. Due to concerns
of low population numbers, we rank L. recta as a
species of Special Concern in Arkansas.
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Quadrula cylindrica cylindrica (Say 1817) -
rabbitsfoot. Distribution: Figure 25. STATUS: State -
Special Concern.
Figure 25. Distribution of Quadrula c. cylindrica.
The distribution of Q. c. cylindrica is similar to L.
recta, in that it is relatively widespread but never
exceptionally abundant. The ANHC mussel database
has records of Q. c. cylindrica collected between 1997-
2008 from 48 sites with a mean of 4.9 / site. The mean
is skewed by large Q. c. cylindrica populations in the
Spring and Black rivers.
Uniomerus declivis (Say 1831) - tapered pondhorn.
Distribution: Figure 26. STATUS: State - Special
Concern.
Figure 26. Distribution of Uniomerus declivis.
In Arkansas, U. declivis has been reported from the
St. Francis, Ouachita, and Red river drainages below
the Fall Line. Preferred habitat for U. declivis is
apparently slow moving creeks and rivers with an
abundance of silt and/or unconsolidated clay
substrates. Brooks et al. (2008) found U. declivis to be
relatively common in the upstream portion of Bayou
Bartholomew. Additional locality records for U.
declivis are expected as unsurveyed tributaries
(lowland creeks) to the Arkansas, Ouachita, Saline, and
Red rivers are explored.
Uniomerus tetralasmus (Say 1831) - pondhorn.
Distribution: Figure 27. STATUS: State – Special
Concern
In Arkansas, U. tetralasmus occurs primarily in the
Delta and Western Gulf Coastal Plain (below the Fall
Line); however, specimens have been recorded from
the Interior Highlands where it has been found in the
headwater tributaries of several rivers. We agree with
Williams et al. (2008) that additional phylogenetic
analyses are needed to delineate the morphological and
distributional boundaries between U. declivis and U.
tetralasmus.
Figure 27. Distribution of Uniomerus tetralasmus.
Other Species
Pleurobema rubrum (Rafinesque 1820) - pyramid
pigtoe. Distribution: Figure 28. STATUS: State -
Currently Stable.
Species of Pleurobema are difficult to assign based
on shell characters due to morphological variation
among and between river systems. In the Saline and
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Figure 28. Distribution of Pleurobema rubrum.
Ouachita rivers, P. rubrum can be the dominant species
in some mussel assemblages (Posey 1997, Davidson
and Clem 2002, 2004). Recent studies have shown
there may be at least two distinct taxonomic units
residing within current concepts of P. rubrum
(Campbell et al. 2005, Burdick and White 2007).
Christian et al. (2008) noted phylogeographic
structuring between P. rubrum from the Ouachita and
St. Francis drainages that may represent species level
variation. Until the taxonomic status of the Ouachita
and St. Francis P. rubrum populations is resolved, this
species is ranked Currently Stable.
Pleurobema riddellii (Lea 1861) - Louisiana
pigtoe. Distribution: Little River, Saline and Ouachita
rivers. STATUS: State - Uncertain.
Although Wheeler (1918) recognized P. riddellii
from the Ouachita River (as P. friersoni), it has been
lost in the maze of morphological forms and variation
that is Fusconaia and Pleurobema. Vidrine (1993) and
Howells et al. (1996) give the general distribution of P.
riddelli as Western Gulf drainages and the southern
portion of the Mississippi Interior Basin.
Posey (1997) did not separate P. riddellii from
Fusconaia flava and P. sintoxia, which co-occur in the
Ouachita River. Davidson and Clem (2002, 2004)
included P. riddellii with P. sintoxia as their
"Fusconaia/Pleurobema type" that comprised 9.8%
and 7.5%, respectively of the total mussels collected
during their Saline River surveys. Christian and Harris
(2004) likely lumped P. riddellii with F. flava from the
downstream reaches of the Little Missouri River.
Christian et al. (2008) recognized P. riddellii from
the Ouachita and Saline rivers based on both molecular
and morphological analyses. Subsequent molecular
analyses also place the species in the Little River, and
it is expected to occur in other Red River drainage
streams (i.e. Cossatot and Saline rivers) as well. There
appears to be phylogeographic structuring when
comparing molecular data between P. riddellii from
the Ouachita and Red River drainages (D. Hayes and
K. Inoue, Arkansas State University, personal
communication, 2009). We choose to assign a State
Uncertain status to P. riddellii until more detailed
analysis of its distribution and relative abundance can
be completed.
Ptychobranchus occidentalis (Conrad 1836) -
Ouachita kidneyshell. Distribution: Figure 29.
STATUS: State - Currently Stable, and
Ptychobranchus sp. cf P. fasciolaris.
Figure 29. Distribution of Ptychobranchus occidentalis.
Harris et al. (1997) noted conchological
differences in Ptychobranchus specimens from the
White and St. Francis river drainages when compared
with those from the Arkansas, Ouachita, and Red River
drainages. Roe (2001, 2004) reported preliminary
results of the genus Ptychobranchus phylogenetics that
showed P. occidentalis from the Ouachita River
drainage was sister to a large group containing P.
occidentalis from the White and Arkansas river
systems, + P. fasciolaris. The Ouachita drainage P.
occidentalis were genetically distinct from other P.
occidentalis populations with genetic differences
Unionoida (Mollusca: Margaritiferidae, Unionidae) in Arkansas, Third Status Review
Journal of the Arkansas Academy of Science, Vol. 63, 2009
75
ranging from 1.5% to 2.0%. These differences were
interpreted to mean that P. occidentalis and P.
fasciolaris are only recently diverged. If in fact there
are 2 separate species of Ptychobranchus in Arkansas,
nomenclatural revision will be required because the
type locality for P. occidentalis is the Current River
(White River drainage), Arkansas (Roe 2004). For the
time being, P. occidentalis (Ouachita and Red river
drainages) and P. sp. cf. P. fasciolaris (White and
Arkansas river drainages) will be considered separate
taxonomic units for conservation management in
Arkansas.
Quadrula apiculata (Say 1829) - southern
mapleleaf. Distribution: Figure 30. STATUS: State -
Currently Stable.
Figure 30. Distribution of Quadrula apiculata.
Harris et al. (1997) reported only 2 site
occurrences for Q. apiculata in Arkansas. Subsequent
molecular genetic studies coupled with morphological
analyses redefined the level of morphological variation
that encompasses Q. apiculata (Harris and Serb 2004).
Surveys in the Little River (Seagraves 2006, URS
2007), White River (Harris and Christian 2000, and
Bayou Bartholomew (Brooks et al. 2008) have shown
Q. apiculata to be widespread and occasionally
relatively abundant in rivers below the Fall Line.
Discussion
During the last 10+ years, more than 1800 rkm of
Arkansas streams were surveyed to inventory mussel
distribution and abundance. However, there are still
relatively long segments of large stream systems with
mussel faunas that are relatively unknown. Red River
tributaries in southwest Arkansas such as the Cossatot
River, Saline River, and Bayou Dorcheat have not been
systematically surveyed. The potential for unknown
populations of A. wheeleri, M. hembeli, and Q. fragosa
in these streams makes them a high priority for survey
efforts.
In southeastern Arkansas, the mussel fauna of
Bayou Macon remains relatively unknown. The
discovery of Q. refulgens in this highly-modified-for-
agricultural-drainage Delta stream suggests that this
habitat might continue to offer refuge to other rare
Gulf Coast drainage fauna Of course, the Mississippi
River remains the last great frontier for mussel survey
efforts, as virtually nothing is known of mussel
communities along its entire length of Arkansas'
eastern border.
The mainstem Arkansas River mussel fauna is no
longer a mystery, as reaches from Arkansas' eastern to
western border have now been surveyed (Davidson
1997, Ecological Specialists Inc. 2005a). The mussel
faunas of many southward draining Arkansas River
tributaries including Frog Bayou, Mulberry River,
Illinois Bayou, and Big Piney Creek have been
inventoried; however, large segments of the Cadron
Creek and Point Remove Creek remain unsurveyed.
Many northward and eastward draining Arkansas River
tributaries have not been systematically surveyed,
including the downstream (big river) reaches of the
Fourche LaFave and Petit Jean rivers, as well as the
entire lengths of Little Maumelle River, Maumelle
River, and Fourche Creek in central Arkansas. The
potential for undiscovered populations of C. aberti and
L. leptodon should make these streams a priority for
survey efforts.
Mussel taxonomy and systematics has undergone a
renaissance, due in large part to the development of
new tools such as molecular genetic techniques and
geometric morphometric applications for unveiling
subtle yet significant differences between cryptic
species within the framework of phylogenetics. The
proliferation of taxonomic investigations has awoken
Q. mortoni and Q. nobilis from the slumber of
synonomy (Serb et al. 2003); however, their status in
Arkansas is uncertain. Although Cyprogenia aberti
was previously recognized as potentially harboring 2
species (Harris et al. 1997), the level of genetic
differentiation unveiled by Serb (2006) and Serb and
Barnhart (2008) could not be envisioned. Harris et al.
(2004) detected phylogeographic structuring within
J.L. Harris, W.R. Posey II, C.L. Davidson et al
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Arkansas Villosa lienosa that may represent species
level divergence. Additional cryptic diversity almost
undoubtedly exists in Fusconaia and Pleurobema
(Christian et al. 2008), and the taxon currently
recognized as Toxolasma lividus could be composed of
multiple cryptic species (M.E. Gordon, personal
communication, 2009). Variability in Q. quadrula
shell morphology suggests that species limits need
refinement to determine if cryptic diversity exists
within that taxon. Linking the eastern Gulf Coast
fauna with the Arkansas fauna by validating the
presence of Glebula rotundata, L. ornata, and Q.
refulgens in the state requires us to evaluate the
presence of other species, specifically Elliptio arca
(Conrad 1834), in the Ouachita River drainage. It is
inevitable that future phylogeographic studies will
unmask additional hidden diversity, and it would not
be surprising for the Arkansas fauna to approach 100
species.
Much has been accomplished in the past 20 years
in regards to locating and obtaining baseline
community composition, relative abundance, and
population structure data for significant mussel
resources across the state. Now that baselines are
established, it is time to begin a statewide monitoring
program to establish trends for not only endangered
and threatened mussels, but for mussels that are
considered currently stable. We recommend
establishment of long term monitoring sites across the
state with established time intervals between sample
events using quantitative methods that provide
statistical power for comparison over time and
sufficient biological data to evaluate successful
recruitment and shifts in population structure
(Christian and Harris 2005, Christian et al. 2005).
At this time, we choose to recognize 85 mussel
taxa in Arkansas (see Appendix I), even though some
of those have yet to be described or their nomenclature
remains in a state of flux. It has become apparent that
inclusion of 2 mussel species, F. subrotunda (I. Lea
1831) and O. subrotunda (Rafinesque 1820), as
components of the Arkansas fauna (ANHC 2002,
Anderson 2006,) is based on misidentifications. There
are no museum voucher specimens or other evidence to
confirm that they have ever occurred within Arkansas.
Fusconaia subrotunda occurs in the Ohio River
drainage (Cummings and Mayer 1992), is widespread
in the Cumberland River drainage (Cicerello et al.
1991), and occurs throughout the Tennessee River
drainage (Parmalee and Bogan 1998, Williams et al.
2008). Obovaria subrotunda is known from the parts
of the Great Lakes Basin, the Ohio River drainage
(Cummings and Mayer 1992), the Cumberland River
drainage (Cicerello et al. 1991, Parmalee and Bogan
1998), and the Tennessee River drainage (Parmalee
and Bogan 1998, Williams et al. 2008). Within the
Arkansas mussel fauna, 19 species (22%) are
considered Endangered, 5 species (6%) are ranked as
Threatened, 20 species (24%) are of Special Concern,
and unfortunately, 1 species has probably been
extirpated. On par with the national average, ~53% of
the Arkansas mussel fauna require management for
some level of conservation concern.
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Appendix I. Unionoid mussels in Arkansas with a summary of conservation status rankings.
Species Common Name NatureServe 2009
ANHC
Rank
Harris et
al. 1997
State Listing
2009
Actinonaias ligamentina (LaMarck 1819) mucket G5 S5 CS CS
Alasmidonta marginata Say 1818 elktoe G4 S3 CS SC
Alasmidonta viridis (Rafinesque 1820) slippershell mussel G4G5 S1 E E
Amblema plicata (Say 1817) threeridge G5 S5 CS CS
Anodonta suborbiculata Say 1831 flat floater G5 S3 SC CS
Anodontoides ferussacianus (I. Lea 1834) cylindrical papershell G5 SU NR E
Arcidens confragosus (Say 1829) rock pocketbook G4 S3 CS CS
Arkansia wheeleri Ortmann and Walker 1912 Ouachita rock pocketbook G1 S1 E E
Cumberlandia monodonta (Say 1829) spectaclecase G3 S1 E E
Cyclonaias tuberculata (Rafinesque 1820) purple wartyback G5 S3? CS SC
Cyprogenia aberti (Conrad 1850) western fanshell G2G3Q S2 SC E
Cyprogenia sp. cf C. aberti none X NR NR U
Cyprogenia sp. cf C.stegaria none X NR NR U
Cyprogenia stegaria (Rafinesque 1820) fanshell G1Q S1? NR E
Ellipsaria lineolata (Rafinesque 1820) butterfly G4 S3 CS CS
Elliptio dilatata (Rafinesque 1820) spike G5 S4 CS CS
Epioblasma florentina curtisii (Frierson and Utterback
1916) Curtis pearlymussel G1T1 S1 E E
Epioblasma triquetra (Rafinesque 1820) snuffbox G3 S1 E E
Epioblasma turgidula (I. Lea 1858) turgid blossum GX SX EX EXT
Fusconaia ebena (I. Lea 1831) ebonyshell G4G5 S3S4 CS CS
Fusconaia flava (Rafinesque 1820) Wabash pigtoe G5 S4 CS CS
Fusconaia ozarkensis (Call 1887) Ozark pigtoe G3G4 S3 CS SC
Glebula rotundata (Lamarck 1819) round pearlshell G4G5 SU NR E
Lampsilis abrupta (Say 1831) pink mucket G2 S2 T T
Lampsilis cardium Rafinesque 1820 plain pocketbook G5 S4 CS CS
Lampsilis hydiana (I. Lea 1838) Louisiana fatmucket G4Q S3 CS CS
Lampsilis ornata (Conrad 1835) southern pocketbook G5 S1 U E
Lampsilis powellii (I. Lea 1852) Arkansas fatmucket G2 S2 T T
Lampsilis rafinesqueana Frierson 1927 Neosho mucket G2 S1 T E
Lampsilis r. reeveiana (I. Lea 1852) Arkansas brokenray G4T4 S3 CS CS
Lampsilis satura (I. Lea 1852) sandbank pocketbook G2 S2 CS SC
Lampsilis siliquoidea (Barnes 1823) fatmucket G5 S3 CS SC
Lampsilis sp. A cf L. hydiana Arkoma fatmucket NR S3? NR CS
Lampsilis sp. B cf L. hydiana Red River fatmucket NR S2? NR T
Lampsilis streckeri Frierson 1927 speckled pocketbook G1Q S1 E E
Lampsilis teres (Rafinesque 1820) yellow sandshell G5 S4 CS CS
Lasmigona c. complanata (Barnes 1823) white heelsplitter G5 S3S4 CS CS
Lasmigona costata (Rafinesque 1820) flutedshell G5 S3 CS SC
Leptodea fragilis (Rafinesque 1820) fragile papershell G5 S4 CS CS
Leptodea leptodon (Rafinesque 1820) scaleshell G1G2 S1 T E
Ligumia recta (Lamarck 1819) black sandshell G5 S2 CS SC
Ligumia subrostrata (Say 1831) pondmussel G5 S4 CS CS
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Species Common Name NatureServe 2009
ANHC
Rank
Harris et
al. 1997
State Listing
2009
Margaritifera hembeli (Conrad 1838) Louisiana pearlshell G1 SH NR E
Megalonaias nervosa (Rafinesque 1820) washboard G5 S3S4 CS CS
Obliquaria reflexa Rafinesque 1820 threehorn wartyback G5 S4 CS CS
Obovaria jacksoniana (Frierson 1912) southern hickorynut G2 S2 SC SC
Obovaria olivaria (Rafinesque 1820) hickorynut G4 S3 CS SC
Plectomerus dombeyanus (Valenciennes 1827) bankclimber G5 S4 CS CS
Pleurobema cordatum (Rafinesque 1820) Ohio pigtoe G4 S2 CS T
Pleurobema riddellii (Lea 1861) Louisiana pigtoe G1G2 S2? NR U
Pleurobema rubrum (Rafinesque 1820) pyramid pigtoe G2G3 S2 SC CS
Pleurobema sintoxia (Rafinesque 1820) round pigtoe G4G5 S3 CS CS
Potamilus alatus (Say 1817) pink heelsplitter G5 S1 E E
Potamilus capax (Green 1832) fat pocketbook G1G2 S1 T T
Potamilus ohiensis (Rafinesque 1820) pink papershell G5 S3S4 CS CS
Potamilus purpuratus (Lamarck 1819) bleufer G5 S4 CS CS
Ptychobranchus occidentalis (Conrad 1836) Ouachita kidneyshell G3G4 S3 CS CS
Ptychobranchus sp. cf P. fasciolaris none X NR NR CS
Pyganodon grandis (Say 1829) giant floater G5 S5 CS CS
Quadrula apiculata (Say 1829) southern mapleleaf G5 S2 T CS
Quadrula c. cylindrica (Say 1817) rabbitsfoot G3G4 S2 SC SC
Quadrula fragosa (Conrad 1835) winged mapleleaf G1 S1 E E
Quadrula metanevra (Rafinesque 1820) monkeyface G4 S3S4 CS CS
Quadrula mortoni (Conrad 1836) western pimpleback G5T3Q NR NR U
Quadrula nobilis (Conrad 1854) Gulf mapleleaf X NR NR U
Quadrula nodulata (Rafinesque 1820) wartyback G4 S4 CS CS
Quadrula p. pustulosa (I. Lea 1831) pimpleback G5 S5 CS CS
Quadrula quadrula (Rafinesque 1820) mapleleaf G5 S5 CS CS
Quadrula refulgens (I. Lea 1868) purple pimpleback G3G4 S1? NR E
Quadrula verrucosa (Rafinesque 1820) pistolgrip G4G5 S4 CS CS
Simpsonaias ambigua (Say 1825) salamander mussel G3 S1 E E
Strophitus undulatus (Say 1817) creeper G5 S3 CS SC
Toxolasma lividus (Rafinesque 1831) purple lilliput G2 S2 SC SC
Toxolasma parvus (Barnes 1823) lilliput G5 S4 CS CS
Toxolasma texasiensis (I. Lea 1857) Texas lillliput G4 S3 CS SC
Truncilla donaciformis (I. Lea 1828) fawnsfoot G5 S3 CS SC
Truncilla truncata Rafinesque 1820 deertoe G5 S4 CS CS
Uniomerus declivis (Say 1831) tapered pondhorn G5Q S1 CS SC
Uniomerus tetralasmus (Say 1831) pondhorn G5 S2 CS SC
Utterbackia imbecillis (Say 1829) paper pondshell G5 S3S4 CS CS
Venustaconcha ellipsiformis (Conrad 1836) ellipse G4 S1 CS E
Venustaconcha pleasii (Marsh 1891) bleedingtooth mussel G3G4 S3 CS SC
Villosa arkansasensis (I. Lea 1862) Ouachita creekshell G2 S2 SC SC
Villosa iris (I. Lea 1829) rainbow G5Q S2S3 CS SC
Villosa lienosa (Conrad 1834) little spectaclecase G5 S3 CS SC
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Abstract
Stress can lead to changes in the immune response
resulting in both increased and decreased resistance to
opportunistic bacterial pathogens. Growth-promoting
antibiotics have been a major tool in modulating host-
pathogen interactions and limiting clinical and sub-
clinical bacterial infection in confined animal
production. Regulatory pressures to limit antibiotic
use in poultry production and recent international
marketing agreements that prohibit treating poultry
with antibiotics have limited the disease-fighting tools
available to poultry and livestock producers,
particularly in Europe. There is a need to evaluate
potential antibiotic alternatives to improve both
production and disease resistance in high-intensity
food animal production. Nutritional approaches to
counteract the debilitating effects of stress and
infection may provide producers with useful
alternatives to antibiotics. Improving disease
resistance in food animals, particularly in the absence
of antibiotic treatment, is a key strategy in the effort to
increase food safety. ARS research has demonstrated
the efficacy of several nutritional immunomodulators,
including vitamin D3 and yeast cell wall products, to
protect against bacterial infection due to stress and
challenge with opportunistic pathogens. These studies
also provide an animal model for testing the efficacy of
nutritional strategies that may affect the response to
stress and related infection in humans.
Introduction
The relationship between stress and chronic
disease has been difficult to establish due to the fact
that stress can both increase and decrease disease
resistance based on many interacting factors including
the type and degree of stress as well as the individual
perception of, or response to, the stressor (Biondi and
Zannino 1997, Glaser et al. 1999, Salak-Johnson and
McGlone 2007). This necessitates the use of animal
models in which there can be a high level of control of
both environmental and genetic factors to study the
effects of stress and methods to modulate those effects.
The stress response has been implicated as the rate-
limiting factor leading to ageing and senescence
(Johnson et al. 1996) and is an important factor in
susceptibility to infection (Glaser et al. 1996). The
prospect of modifying the stress response of humans
using nutritional supplementation has also been
suggested (Romeo et al. 2008). While the human
nutraceutical market presents many products that claim
to improve the stress response, very little peer-
reviewed research has been published in this area. In
humans, psychological stress, exercise stress, and sleep
deprivation models have been used to demonstrate the
effects of stress and to study nutritional immuno-
modulators (Hamer et al. 2004). However, the great
degree of variability in the stress response requires the
use of a large number of individuals and the ability to
control and/or manipulate the environment.
Animal models of the stress response have
historically utilized rodent species. However, a large
body of data is being generated in the animal
agricultural sciences due to the need to evaluate
potential antibiotic alternatives to improve disease
resistance in high intensity food animal production.
Antibiotics are primarily used to compensate for
the high levels of stress that can be present in intensive
animal production. Stress can decrease growth and
feed conversion efficiency and change the immune
response. We have been investigating a number of
different approaches to modulate the stress response of
turkeys, including nutritional approaches.
Growth promoting antibiotics are thought to
function mainly by changing the intestinal bacterial
flora. Another mechanism by which they improve
production values may be by their ability to decrease
chronic disease incidence in animals, thereby lowering
the level of immunological stress (Roura et al. 1992).
The stresses of intensive poultry production can lead to
changes in the immune response that lead to decreased
resistance to infection with opportunistic pathogens.
Our research program, using a respiratory disease
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challenge model, has allowed us to study nutritional
strategies for increasing both disease resistance and
production values in turkeys and broiler chickens.
This paper will review the results of three
previously published studies utilizing nutritional
immunomodulation to counter the effects of stress in
poultry production.
The objective of Experiment 1 (Huff et al., 2000a)
was to determine the effects of water supplementation
with vitamin D3 (High D3, I.D. Russell Co.,
Longmont, CO) on disease resistance in a turkey
osteomyelitis complex (TOC) challenge model using
immunosupression with the synthetic glucocorticoid,
Dexamethasone (Dex) (Huff et al. 1998, 2000b).
The objective of Experiment 2 (Huff et al., 2002b)
was to determine the effects of dietary supplementation
with β-glucan on production values of E. coli
challenged turkey poults.
The objective of Experiment 3 (Huff et al., 2007)
was to evaluate the ability of a brewer’s yeast extract
feed additive (Alphamune™, Alpharma Animal Health
Division) to protect against the effects of an E. coli
respiratory challenge in a cold stress model.
Materials and Methods
Experiment 1. One hundred twenty male poults were
assigned to 8 pens in a completely randomized
experimental design with two pens of 15 birds/pen for
each treatment x challenge group. Half of the birds
were provided drinking water treated with 2064 IU of
Vitamin D3 for the first 5 days after hatch followed by
4128 IU/L for 12 hours before and after stressful
events, which included weighing and Dex treatment.
Challenged birds were treated with Dex at 5 weeks and
again at 10 weeks of age. All survivors were
necropsied at 13 weeks of age.
Experiment 2. One hundred sixty day-old male turkey
poults were wing-banded and placed into brooder
battery pens in a completely randomized design with
two pens of 8 birds/pen for each treatment. Diets were
supplemented with 0, 10, 20, 40, or 80 g/tonne of a
highly purified β-glucan feed supplement (Immustim®,
Immudyne, Inc., Houston, TX 77042), which was fed
continuously.
At 4.5 wks of age half of the birds were challenged
with an airsac injection of 50-100 cfu of E. coli and
were necropsied 2 wks later.
Experiment 3. One hundred eighty birds were
weighed by pen, wing-banded, and placed into
randomly assigned brooder battery pens. There were 6
treatments with 3 replicate pens of 10 birds/pen for
each treatment in a 3 × 2 (3 feed treatments × 2
challenges) experimental arrangement. Poults were fed
a standard unmedicated turkey starter diet or the same
diet supplemented with either 1 lb/ton (504 g/tonne) or
2 lb/ton (1008 g/tonne) of a brewer’s yeast extract feed
additive (Alphamune™, Alpharma Animal Health
Division), that combines both the immunomodulatory
properties of (1,3)/(1/6) β-glucan with the performance 
enhancement of mannan-oligosaccharide. Challenged
birds were exposed to intermittent cold stress (12-
16oC) during wk 1-3 (Table 1) and inoculation of eye
and nares by course spray of a 108 cfu culture of E. coli
at 1 wk of age. Controls were neither stressed nor
inoculated. Birds were bled and necropsied at 3 wk of
age.
Table 1. Intermittent cold stress schedule for Experiment 3.
____________________________________________________
Age of bird Duration of cold stress Temperature 1
______(Days)____________(Hours )_____________ OC _______
6 1 15.1 ± 2.2
7 2 13.3 ± 2.0
9 3 13.0 ± 1.6
11 7 13.1 ± 1.7
19 8 13.2 ± 1.0
_____________________________________ _______________
1Mean value of temperature at beginning and end of cold stress ± SEM
Results
Experiment 1. Water supplementation of turkeys with
vitamin D3, significantly decreased mortality, disease
incidence, and bacterial isolation from the liver due to
Dex treatment and E. coli challenge (Figure 1).
Challenged birds supplemented with vitamin D3 had
significantly improved body weight. Non challenged
control birds supplemented with D3 weighed an
average of 547 g more than non-supplemented birds at
12 weeks of age, but this improvement was not
significant (Figure 2). The heterophil/lymphocyte ratio
was significantly decreased by vitamin D3 treatment
indicating modulation of the stress response (Figure 3).
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Figure 1. Effect of vitamin D3 supplementation on mortality,
incidence of turkey osteomyelitis complex (TOC) and green-liver,
and bacterial isolation from the liver in a dexamethasone challenge
model. *Indicates significant difference in Vitamin D
supplemented birds as compared to non-supplemented (P < 0.003).
Figure 2. Effect of vitamin D3 supplementation on body weight of
dexamethasone treated turkeys. a,b Means with different
superscripts are significantly different (P = 0.0005).
Figure 3. Effect of vitamin D3 supplementation on the
heterophil:lymphocyte ratio, a recognized measure of the response
to stress. a,b Percent lymphocyte means with different superscripts
are significantly different (P = 0.0001. x,y Percent heterophil means
with different superscripts are significantly different (P = 0.006).
Experiment 2. Both 10 and 20 g/tonne Immustim®
increased body weight of unchallenged turkeys (Figure
4) and 20 g/tonne protected them from the weight loss
associated with E. coli respiratory challenge. There
was a tendency for improved feed conversion
efficiency (FC) of unchallenged birds and FC of E. coli
challenged birds was improved by 20, 40, and 80
g/tonne.
Figure 4. Body weight of unchallenged controls and Escherichia
coli challenged 7-wk-old turkeys fed 0, 10, 20, 40, or 80 g/tonne
Immustim. a,b Mean body weight of non-challenged birds with
different superscripts are significantly different. x,y Mean body
weight of E. coli challenged birds with different superscripts are
significantly different.
Figure 5. Feed/gain ratio of unchallenged controls and Escherichia
coli challenged 7-wk-old turkeys fed 0, 10, 20, 40, or 80 g/tonne
Immustim. a,b Means with different superscripts are significantly
different.
Experiment 3. Pre-challenge (week 1) body weight
was increased by Alphamune™ (Figure 6).
Challenged, control fed birds had significantly
decreased week 3 body weight compared to non-
challenged controls and body weight of challenged
poults was protected by both levels of supplementation
(Figure 7). Feed/gain ratio was increased by cold stress
(P = 0.004) and this increase was prevented by both
levels of Alphamune™ (Figure 8).
Figure 6. Pre-challenge body weight (week 1) of poults was
increased more by 1lb/ton (504 g/tonne)(P<0.0001) than by 2
lb/ton (1008 g/tonne) Alphamune™ (P = 0.05). abc Means with
different superscripts are significantly different.
105
110
115
120
125
130
135
Control Feed 1 lb/ton Alphamune™ 2 lb/ton Alphamune™
B
od
y
W
ei
gh
t(
g)
a
b
c
0
500
1000
1500
2000
2500
3000
0 10 20 40 80
Control E. coli
B
od
y
W
ei
gh
t(
g)
Grams/tonne
b a a
x
y
1.8
1.9
2
2.1
2.2
2.3
2.4
2.5
2.6
0 10 20 40 80
Control E. coli
Fe
ed
/G
ai
n
R
at
io
Grams/tonne
b
b
b
a
0
20
40
60
80
100
Mortality TOC Green Liver Bacteria
No Dex Dex No Dex Dex
No Vitamin D Vitamin D
P
er
ce
nt
*
* * *
0
20
40
60
80
100
Heterophils Lymphocytes
No DEX DEX No DEX DEX
No Vitamin D Vitamin D
a x
b
y
a a
x x
0
5000
10000
15000
1 2
B
od
y
W
ei
gh
t(
g)
No Dex Dex No Dex Dex
No Vitamin D Vitamin D
b a
G.R. Huff, W.E. Huff, and N.C. Rath
Journal of the Arkansas Academy of Science, Vol. 63, 2009
90
Figure 7. Week 3 body weight of poults was decreased by cold
stress (P = 0.005) and this decrease was prevented by both levels of
Alphamune™. a,b Means with different superscripts are
significantly different.
Figure 8. Feed/gain ratio of poults was increased by cold stress (P =
0.004) and this increase was prevented by both levels of
Alphamune™. a,b Means with different superscripts are
significantly different.
Discussion
There are a number of potential immuno-
modulators that may serve as alternatives to antibiotics
for both growth promotion and disease resistance in
poultry production. β-glucans are polymers of glucose 
that can be derived from the cell walls of yeast,
bacteria, fungi, and cereals such as oats, barley, and
rye. Each type of β-glucan has a unique structure in 
which glucose molecules are linked together in
different ways, giving them different physical
properties. Variations in molecular weight, degree of
branching, conformation, and intermolecular
associations can affect their biological activity (Bohn
and BeMiller 1995). There is an extensive literature
describing the immunomodulating effects of β-glucan 
in mammals, with most reporting an increase in
functional activity of macrophages and neutrophils
(Reynolds et al. 1980, Yun et al. 2003).
One of these molecules, the ß-1,3/1,6-glucan from
the cell wall of Saccharomyces cerevisiae, is
recognized as foreign by the immune systems of
mammals, fish, and birds and has been shown to be
protective in a number of disease challenge studies
(Williams and Di Luzio 1979, Reynolds et al. 1980). β-
glucans have been shown to improve immune function
by activating macrophages, and taken orally, they have
been shown to indirectly stimulate innate immunity in
the respiratory system of mice by activating
macrophages in the Peyer’s patches of the gut (Sakurai
et al. 1992). β-glucans are generally recognized as safe 
(GRAS) by the FDA for use as food and feed additives
and are widely marketed as immunomodulators in the
human nutraceutical market. In addition to the data
reported here, in which 20 g/tonne of a purified β-
glucan product was most protective in an E. coli
challenge, turkey field studies (Bahl and Sorgente
2002), a controlled chicken battery study (Huff et al.
2006), and challenge of young chicks with Salmonella
enteritidis (Lowry et al. 2005) have also suggested that
ß-1,3/1,6-glucan may be useful as an alternative to
growth promoting antibiotics in poultry production,
however these studies also suggest that the dosage is
extremely important.
Other potential immunomodulators that may serve
as alternatives to antibiotics for both growth promotion
and disease resistance in poultry production are less
purified yeast products that include both the
immunostimulating β-glucan molecules as well as the 
mannanoligosaccharide components of yeast. Brewer’s
yeast extracts, which are by-products of beer
manufacturing, have been added to animal feeds for
years for their nutritional content. Brewers dried yeast
has been used as a source of both mannanoligo-
saccharides (MOS) and β-glucans by a number of 
companies providing antibiotic-replacement products
for animal production. Whole yeast or yeast cell walls
have been shown to improve growth of both turkey
poults (Bradley et al. 1994) and broiler chicks (Zhang
et al. 2005). Our studies with Alphamune™, have
suggested that this type of product may modulate the
stress response, but that as with β-glucan, the effective 
dose is dependant on both environmental and genetic
factors (Huff et al. 2007).
Vitamin D3 is considered to be a pro-hormone that
is involved in homeostasis of diverse biological
systems (DeLuca and Zierold 1998, De Luca 2008).
Recently, vitamin D3 has become recognized for a
major role in resistance to bacterial disease due to its
function as a defensin and its role in regulation of
immunity (Adams et al. 2007, Bikle 2008).
Our studies with vitamin D3 suggest that water
supplementation of repeatedly stressed turkeys with
vitamin D3 increases resistance to bacterial infection
480
500
520
540
560
580
600
Control Feed 1 lb/ton Alphamune™ 2 lb/ton Alphamune™
B
od
y
W
ei
gh
t(
g)
Control Cold stress
a
b
P = 0.005 a
aa
a
1.3
1.35
1.4
1.45
1.5
1.55
Control Feed 1 lb/ton Alphamune™ 2 lb/ton Alphamune™
Fe
ed
/g
ai
n
R
at
io
Control Cold stress
a
a
b
P = 0.004
b
b
b
b
Nutritional Immunomodulation as an Approach to Decreasing the Negative Effects of Stress in Poultry
Production
Journal of the Arkansas Academy of Science Vol. 63, 2009
91
and improves body weight gains (Huff et al. 2000a).
However, in another study the effects of feed
supplementation with the biologically active vitamin D
metabolites, 1,25-dihydroxyvitamin D3 and 25-
hydroxyvitamin D3, were more complex due to toxicity
problems and were not as effective at increasing
disease resistance in our challenge model (Huff et al.
2002a).
In summary, the results of these three animal
studies indicate that there are potential uses for both
yeast extract products and vitamin D supplementation
in mitigating the immunosuppressive effects of chronic
stress in turkey production. However, the dosage in
relation to the level of stress is critical, there is a high
degree of individual variability in response, and further
research is needed to make widespread supplementa-
tion practical. By extrapolation, these products may be
useful for improving the stress response in humans, but
care should be taken to recognize the impact of
individual variability in dose-response.
Literature Cited
Adams JS, PT Liu, R Chun, RL Modlin, and M
Hewison. 2007. Vitamin D in defense of the
human immune response. Annals of the New York
Academy of Sciences 1117:94-105.
Bahl AK and N Sorgente. 2002. Immustim, a
nutricine biomodulator: Controlling necrotic
enteritis without growth promotion antibiotics: A
field evaluation. Poultry Science 80(Suppl1):116.
(Abstr.)
Bikle DD. 2008. Vitamin D and the immune system:
role in protection against bacterial infection.
Current Opinions in Nephrology and Hypertension.
17:348-52.
Biondi M and LG Zannino 1997.Psychological stress,
neuroimmunomodulation, and susceptibility to
infectious diseases in animals and man: a review.
Psychother. Psychosom. 66:3-26.
Bohn JA and JN BeMiller. 1995. (1-3)-β-D-Glucans 
as biological response modifiers: a review of
structure-functional activity relationships.
Carbohydrate Polymers 28:3-14.
Bradley GL, TF Savage, and KI Timm. 1994. The
effects of supplementing diets with Saccharomyces
cerevisiae var. boulardii on male poult
performance and ileal morphology. Poultry.
Science 73: 66-70.
DeLuca HF and C Zierold. 1998. Mechanisms and
functions of vitamin D. Nutrition Review 56:S4-
10.
DeLuca HF. 2008. Evolution of our understanding of
vitamin D. Nutrition Review 66: S73-87.
Glaser R, B Rabin, M Chesney, S Cohen and B
Natelson. 1999. Stress-induced immuno-
supression: implications for infectious diseases?
Journal of the American Medical Society
281:2268-70.
Hamer M, D Wolvers, and R Albers. 2004. Using
stress models to evaluate immuno-modulating
effects of nutritional intervention in healthy
individuals. Journal of the American College of
Nutrition 23:637-46.
Huff GR, WE Huff, JM Balog, and NC Rath. 1998.
The effects of dexamethasone immunosuppression
on turkey osteomyelitis complex in an
experimental Escherichia coli respiratory
infection. Poultry Science 77:654-61.
Huff GR, WE Huff, JM Balog and NC Rath. 2000a.
The effect of vitamin D3 on resistance to stress-
related infection in an experimental model of
turkey osteomyelitis complex. Poultry Science
79:672-9.
Huff GR, WE Huff, NC Rath, and JM Balog. 2000b.
Turkey Osteomyelitis Complex. Poultry Science
79:1050-6.
Huff GR, WE Huff, JM Balog, NC Rath, H Xie, and
RL Horst. 2002a. Effect of supplementation with
vitamin D metabolites in an experimental model of
turkey osteomyelitis complex. Poultry Science
81:958-65.
Huff GR, WE Huff, JM Balog, NC Rath, and AK
Bahl. 2002b. Effect of dietary treatment with β-
1,3/1,6-glucan (Immustim) on disease resistance of
turkeys challenged with Escherichia coli. Poultry
Science 81 (Suppl. 1) P.18.
Huff GR, WE Huff, NC Rath, and G Tellez. 2006.
Limited treatment with Beta-1,3/1,6-glucan
improves production values of broiler chickens
challenged with Escherichia coli. Poultry Science
85:613-8.
Huff GR, WE Huff, NC Rath, F Solis de los Santos,
MB Farnell, and AM Donoghue. 2007. Influence
of hen age on the response of turkey poults to cold
stress, Escherichia coli challenge, and treatment
with a yeast extract antibiotic alternative. Poultry
Science 86: 636-42.
G.R. Huff, W.E. Huff, and N.C. Rath
Journal of the Arkansas Academy of Science, Vol. 63, 2009
92
Johnson TE, GJ Lithgow, and S Murakami. 1996.
Hypothesis: Interventions that increase the
response to stress offer the potential for effective
life prolongation and increased health. Journal of
Gerontology 51A:B392-B395.
Lowry VK, MB Farnell, PJ Ferro, CL Swaggerty, A
Bahl, and MH Kogut. 2005. Purified β-glucan as 
an abiotic feed additive up-regulates the innate
immune response in immature chickens against
Salmonella enterica serovar Enteritidis.
International Journal of Food Microbiology
98:309-18.
Reynolds JA, MD Kastello, DG Harrington, CL
Crabbs, CJ Peters, JV Jemski, GH Scott, and
NR Di Luzio. 1980. Glucan-induced enhancement
of host resistance to selected infectious diseases.
Infection and Immunity 30:51-7.
Romeo J, J Warnberg, S Gomez-Martinez, L
Esperanza Diaz, and A Marcos. 2008.
Neuroimmunomodulation by nutrition in stress
situations. Neuroimmunomodulation 15:165-9.
Roura E, J Homedes, and KC Klasing. 1992.
Prevention of immunologic stress contributes to
the growth-promoting ability of dietary antibiotics
in chicks. Journal of Nutrition 122: 2283-90.
Sakurai T, K Hashimoto, I Suzuki, N Ohno, S
Oikawa, A Masuda, and T Yadomae. 1992.
Enhancement of murine alveolar macrophage
functions by orally administered β-glucan. 
International Journal of Immunopharmacology
14:821-30.
Salak-Johnson JL and JJ McGlone. 2007. Making
sense of apparently conflicting data: Stress and
immunity in swine and cattle. Journal of Animal
Science. 2007. 85(E. Suppl.):E81-E88.
Williams DL and NR Di Luzio. 1979. Glucan induced
modification of experimental Staphylococcus
aureus infection in normal, leukemic, and
immunosuppressed mice. Advances in
Experimental Medicine and Biology 121:291-306.
Yun CH, A Estrada, A Van Kessel, BC Park, and B
Laarveld. 2003. Beta-glucan, extracted from oat,
enhances disease resistance against bacterial and
parasitic infections. FEMS Immunology and
Medical Microbiology 35:67-75.
Zhang AW, BD Lee, SK Lee, KW Lee, GH An, KB
Song, and CH Lee. 2005 Effects of yeast
(Saccharomyces cerevisiae) cell components on
growth performance, meat quality, and ileal
mucosa development of broiler chicks. Poultry
Science 84:1015-21.
Journal of the Arkansas Academy of Science, Vol. 63, 2009
93
Critical Evaluation of Bacteriophage to Prevent and Treat Colibacillosis in Poultry
W.E. Huff 1, G.R. Huff, N.C. Rath, and A.M. Donoghue
USDA, ARS, Poultry Production and Product Safety Research Unit, Poultry Science Center, University of Arkansas,
Fayetteville, AR 72701
1 Correspondence: huff@uark.edu
Abstract
There is a continuing need to find alternatives to
antibiotics in animal and human medicine.
Bacteriophages are viruses that infect and kill bacteria,
with no known activity to plant and animal cells. We
have conducted research to critically evaluate the
efficacy of bacteriophage to both prevent and treat
colibacillosis in poultry. Bacteriophages lytic to an
Escherichia coli pathogenic to poultry were isolated
from municipal waste water treatment plants and
poultry processing plants. Two bacteriophage isolates
were selected to use in studies designed to determine
the efficacy of these bacteriophage to prevent and treat
severe colibacillosis in poultry. Colibacillosis was
induced by injecting 6 X 104 cfu of E. coli into the
thoracic airsac when the birds were 1 week of age.
Initial studies demonstrated that mortality was
significantly reduced when the challenge culture was
mixed with bacteriophage prior to challenging the
birds. In subsequent studies, we have shown that an
aerosol spray of bacteriophage given to the birds prior
to this E. coli challenge can prevent the disease, and
that an intramuscular injection of bacteriophage
provides an effective treatment of this disease. We
have demonstrated that bacteriophage can be used to
both prevent and treat colibacillosis in poultry and may
provide an effective alternative to antibiotic use in
animal and human medicine.
Introduction
There will always be a need to find alternatives to
antibiotics to both prevent and treat bacterial diseases.
The emergence of antibiotic resistance in bacteria of
human clinical significance continues to challenge the
treatment of these bacterial diseases. There is growing
concern that the use of antibiotics in animal production
to combat diseases, both at sub-therapeutic levels, as
growth promoters, and at therapeutic levels contributes
to the emergence of bacteria resistant to antibiotics that
have human clinical significance. Although the
importance of the use of antibiotics in animal
production to the development of antibiotic resistance
in bacteria pathogenic to humans is equivocal, the
animal industry continues to be pressured to restrict
antibiotic use (Bywater 2005). In fact, the European
Union banned the use of sub-therapeutic levels of
antibiotics in 2006 in all animal production. Therefore,
there is a continuing need to find alternatives to
antibiotics that has been made more immediate due to
government-imposed restrictions on antibiotic use in
animal production.
Bacteriophage were co-discovered in the early
1900’s by Twort (1915) and d’Herelle (1917).
Bacteriophage are viruses that kill bacteria, are
ubiquitous in nature, and have no known activity in
animal and plant cells. Lytic bacteriophage attach to a
target bacterium, inject their genetic material, replicate
in the bacteria, and kill the bacteria by lysis, which
results in the release of 20 to 200 bacteriophage that
can in turn infect additional bacteria. This life cycle
offers the advantage of using bacteriophage to
specifically target bacterial pathogens without harming
beneficial bacteria, and is both self-replicating and
self-limiting. With their discovery, the potential of
bacteriophage to treat bacterial diseases was
immediately recognized. In fact, one of the first
applications investigated was work showing
bacteriophage efficacy to treat salmonellosis in poultry
(d’Herelle 1926). Although bacteriophage therapy of
bacterial diseases showed promise, this approach
waned with the development of antibiotics. However,
there is renewed interest in bacteriophage therapy in a
continued effort to reduce the impact of bacterial
diseases on human and animal health. The use of
bacteriophage to control E. coli induced diarrhea in
calves, piglets, and lambs was demonstrated by
research led by H. W. Smith (Smith and Huggins 1983,
Smith et al. 1987). The ability of bacteriophage to
treat E. coli infections in mice has also been
demonstrated (Smith and Huggins 1982). Barrow et al.
(1998) demonstrated the ability of bacteriophage to
protect chickens from an intramuscular challenge with
E. coli when the bacteriophage were simultaneously
injected at different sites. Soothill (1992) was able to
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use bacteriophage to protect mice from infection with
Acinetobacter baumanii and Pseudomonas aeruginosa.
The Eliava Institute in Tblisi, Georgia (of the former
Soviet Union), has continued bacteriophage research to
the present. The Eliava Institute was established in
1923 by Giorgi Eliava a former student of Felix
d’Herelle. The Russian research on bacteriophage in
human medicine was reviewed by Alisky et al. (1998).
Human clinical research is also been carried out in
Poland (Ślopek et al. 1981, 1984, 1985, 1987, Weber-
Dąbrowska et al. 1987).  Biswas et al. (2002) 
demonstrated that bacteriophage were able to rescue
mice from a lethal challenge with a vancomycin-
resistant Enterococcus faecium. Recently
bacteriophage have been shown to have promise in the
treatment of urinary tract infections (Nishikawa et al.
2008). There are a number of excellent reviews of
bacteriophage therapy (Carlton 1999, Skurnik and
Strauch 2006, Hanlon 2007, Parisien et al. 2008).
Colibacillosis is a serious problem in poultry
production causing mortality and condemnations
(Piercy and West 1976, DeRosa et al. 1992, Barnes et
al. 2008). The etiology of this disease is thought to
initiate as a respiratory infection known as airsaculitis
that can quickly become systemic causing perihepititis
and pericarditis and resulting in morbidity and
mortality.
We isolated bacteriophage from municipal and
poultry processing waste to an isolate of E. coli
pathogenic to poultry, which is serotype 02, non-
motile, and lactose negative (Huff et al. 2002a). We
have been engaged in an ongoing effort to determine
the efficacy of bacteriophage to both prevent and treat
colibacillosis as reviewed in a similar review article
(Huff et al. 2005).
Initial Studies
In our initial work we mixed a selected
bacteriophage with E. coli prior to challenging the
birds via a thoracic airsac inoculation and the results of
this work are presented in Figure 1. Mortality in the
birds challenged only with E. coli (104 cfu per mL) was
85% (Treatment 2). When 104 pfu per mL of
bacteriophage was mixed with 104 cfu per mL of E.
coli, mortality was significantly reduced to 35%
(Treatment 3), and when 108 pfu per mL of
bacteriophage was mixed with 104 cfu per mL of E.
coli there was complete protection of the birds
(Treatment 4) (Huff et al. 2002a). Although this
experimental design is very artificial it did suggest that
bacteriophage might be used to prevent colibacillosis
and it demonstrated the importance of bacteriophage
titer for therapeutic efficacy. In addition, this work
provides a relatively simple in vivo experimental
design to screen bacteriophage for efficacy.
Figure 1. Effect of mixing E. coli with bacteriophage prior to
challenge. Treatments: 1. Control , 2. E. coli challenge 104 cfu
, 3. E. coli 104 cfu mixed with 104 pfu bacteriophage , 4. E.
coli 104 cfu mixed with 108 pfu bacteriophage . Values represent
the means of two replicate pens of 10 birds per pen. Values with
different letters differ significantly (P  0.05) (Huff et al. 2005).
Bacteriophage Disease Prevention Work
The ability of an aerosol spray of bacteriophage to
prevent colibacillosis is presented in Figure 2. At 7
days of age the birds were sprayed with bacteriophage
and then challenged with E. coli either immediately (7
days of age), 1 day (8 days of age), or 3 days (10 days
Figure 2. Efficacy of a bacteriophage spray to prevent
colibacillosis. Treatment 1 , birds challenged with E. coli only.
Treatments 2 , 3 , and 4 , birds sprayed with bacteriophage
at 7 days of age prior to challenging with E. coli at 7, 8, or 10 days
of age, respectively. Values represent the mean of four replicate
pens of 10 birds per pen. Values with different letters differ
significantly (P  0.05) (Huff et al. 2005).
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of age) after bacteriophage administration. Mortality
in the birds only challenged with E. coli was 65%
(Treatment 1). There was a significant decrease in
mortality compared to the control treatment in all the
birds administered bacteria prior to being challenged
with bacteriophage (Treatments 2, 3, and 4). These
data suggest that an aerosol administration of
bacteriophage could provide protection of the birds
from a consequent challenge with E. coli for at least 3
days (Huff et al. 2002b).
Bacteriophage Disease Treatment Work
Studies were conducted to evaluate the ability of
bacteriophage to treat colibacillosis when
bacteriophage were administered after the birds were
challenged with E. coli. An aerosol spray
administration of bacteriophage was not an effective
treatment of colibacillosis (Huff et al. 2003a).
However, as can be seen in Figure 3, an intramuscular
(i.m.) administration of bacteriophage either
immediately (Treatment 2, 7 days of age), 24 hours
(Treatment 3, 8 days of age), or 48 hours (Treatment 4,
9 days of age) after the birds were challenged with E.
coli significantly reduced mortality compared to the
birds in Treatment 1, that were challenged with E. coli
and not treated (Huff et al. 2003a). Additional research
has demonstrated that multiple treatments of
bacteriophage enhance bacteriophage efficacy to treat
colibacillosis in poultry (Huff et al. 2003b).
Colibacillosis starts as a respiratory infection that
within 48 hours becomes a systemic infection. As can
be seen in Figure 4, when bacteriophage were
administered as an aerosol spray and then isolated from
the blood over a time period of up to 24 hours post
administration the titers of bacteriophage were low and
only a few birds had any titers at all. However, when
bacteriophage were administered i.m., titers of
bacteriophage in blood remained above 104 pfu per
mL in 5 out of 5 birds sampled up to 6 hours post
administration. At 24 hours post administration titers
were approximately 102 pfu per mL, and 4 out of 5
birds sampled had detectable levels of circulating
bacteriophage (Huff et al. 2003a). These results
demonstrate that once colibacillosis is established in
the birds as a systemic infection, treatments with
bacteriophage must result in circulating titers of
bacteriophage to be effective. We have also
demonstrated that i.m. treatment with bacteriophage is
comparable to enrofloxacin treatment, and that if
enrofloxacin and bacteriophage treatments are
combined the treatment efficacy is enhanced (Huff et
al. 2004).
Figure 3. Efficacy of bacteriophage to treat colibacillosis.
Treatment 1 , birds challenged with E. coli and not treated with
bacteriophage. Treatments 2 , 3 , and 4 , birds challenged
with E. coli and treated with bacteriophage immediately (7 days of
age), 24 hours (8 days of age), or 48 hours (9 days of age) after E.
coli challenge, respectively. Values represent the mean of four
replicate pens of 10 birds per pen. Values with different letters
differ significantly (P  0.05) (Huff et al. 2005).
Figure 4. Bacteriophage isolation from blood 1, 2, 3, 4, 5, 6, and
24 hours post challenge with bacteriophage administered i.m. or
aerosol spray . Notation above the bars represent the number of
birds that were positive for bacteriophage versus the number of
birds sampled (Huff et al. 2005).
Conclusions
A common theme of these studies is that if high
enough titers of bacteriophage reach the site of
infection, bacteriophage will indeed both prevent and
treat bacterial diseases. This would seem to be a
relatively easy criterion to meet, but it is not. Modern
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poultry production facilities contain thousands of birds
in each house and multiple houses on a single farm. It
would not be practical or economically feasible to
administer an i.m. treatment of bacteriophage during an
outbreak of colibacillosis in poultry production
facilities. These restrictions unique to the efficacy of
the use of bacteriophage in poultry production facilities
do not preclude the use of bacteriophage in human
medicine. Our research clearly suggests that
bacteriophage therapy in human medicine has real
potential to both prevent and treat human diseases.
We do believe that either in ovo injection or
treatment in the hatchery with a spray of bacteriophage
would prevent the early onset of colibacillosis in
poultry, which is thought to be the most critical control
point in the etiology of the disease. In addition, an
aerosol spray of poultry and litter in production
facilities during an outbreak of colibacillosis might
prevent horizontal transmission of the disease, as
demonstrated in calves (Smith et al. 1987). These
applications would provide an inexpensive and
effective way to reduce the impact of colibacillosis in
poultry, and provide justification to explore the
application of bacteriophage therapy to other
respiratory diseases of poultry. Bacteriophage
treatment of systemic infections in poultry does not
appear to be practical unless the animals are extremely
valuable, such as breeding stock, or where antibiotic
therapy is not available. Although bacteriophage are
self replicating, bacteriophage therapy is titer
dependent (Huff et al. 2006). Therefore, bacteriophage
treatments should be designed to maximize
bacteriophage titers.
There has always been a concern with immune
interference with long term or repeated bacteriophage
treatments. We have demonstrated that bacteriophage
treatment efficacy is reduced by approximately 50%
when animals are pretreated with the same
bacteriophage used for treatment (unpublished data).
However, it is possible to circumvent this problem with
bacteriophage therapy by using a cocktail of
efficacious bacteriophage that differ in antigenicity.
Given the diversity and plentiful nature of
bacteriophage, it is anticipated that antigentically
dissimilar bacteriophage can be found. There is a
continuing need to develop in vitro tests that will
accurately predict in vivo therapeutic efficacy of
bacteriophage.
Although some promising results of using
bacteriophage to reduce food borne enteric pathogens
have been documented (Goode et al. 2003, Higgins et
al. 2005, Greer 2005, Hagens and Loessner 2007), the
log reductions have been modest. There are many
reasons why this application of bacteriophage therapy
has had limited success such as non-specific binding to
digesta and non-targeted bacteria, loss of activity of
bacteriophage under the harsh conditions of digestion,
and the inaccessible nature of the targeted bacteria,
which are often found deep within villus crypts. There
is a real need in all animal industries for more research
in this area. With a better understanding of the
significance of the microbiota of the intestine it may
even be possible to use bacteriophage to alter the
microbiota to improve the growth of production
animals such as sub-therapeutic antibiotics currently
do, and this application of bacteriophage has not, but
should be pursued.
Bacteriophage can be used to both prevent and
treat bacterial diseases and provide an alternative to
antibiotic approaches. However, bacteriophage are not
a replacement for antibiotics. Applications of
bacteriophage need to be targeted with an
understanding of where this approach to disease
prevention and treatment will not only have efficacy,
but will be practical and cost effective.
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Abstract
Walleye Sander vitreus (Mitchill) distributions and
ecology have been poorly studied in southern river
basins. We studied the longitudinal distribution and
population characteristics of walleye in an unregulated
river within the Ozark region of the U.S., the lower
Eleven Point River, Arkansas, which has high species
diversity. Walleye were collected in a 60 km segment
of the river by daytime boat electrofishing over a three
year period (2002-2004). Catch rates, growth rates and
size structure were high relative to other streams
studied in North America. Catch per effort ( = 5.2/h)
was similar seasonally, spatially and among years.
Proportional stock structures were quite high ( = 80),
with numerous fish collected over 600 mm total length,
4 kg in mass and greater than 10 years of age. Relative
weights of all length groups (stock size, proportional
size structure, relative size structure) were at or greater
than 90. Stomach contents of walleye were more
suggestive of a generalist strategy in a stream of high
species diversity, as compared to the targeting of a
single numerically dominant prey, which is common in
lentic systems.
Introduction
Walleye Sander vitreus (Mitchill) have a
widespread distribution that includes both lotic and
lentic systems of North America. In lotic systems,
they are found in middle to larger river systems of
moderate flow (Paragamian 1989) and low to moderate
turbidity (Smith 1979, Smith 1985, Boschung and
Mayden 2004).
Much attention has been given to northern walleye
populations, particularly in lentic systems (e.g.,
Rawson 1956, Knight et al. 1984, Hartman and
Margraf 2006). Far less effort has been placed on lotic
populations (e.g., Mayhew 1956, Little et al. 1988,
Diana 2006), and many of these streams have been
greatly modified by reservoir construction (Maule and
Horton 1985, Billington and Maceina 1997) and/or
lock and dam systems along the Mississippi River
(Vasey 1967, Gebken and Wright 1972, Pitlo 1989).
Studies of southern walleye populations have focused
on reservoirs where walleye have been introduced
(Dendy 1946, Quist et al. 2003, Provine et al. 2004).
Walleye distributions and ecology have been poorly
studied in southern river basins (Billington and
Maceina 1997, Lowie et al. 2001), with no previous
published work on Ozark (Arkansas, Missouri) walleye
populations.
Our goal, therefore, was to investigate the
longitudinal distribution and population characteristics
of walleye in an unregulated river within the Ozark
region of the U.S. We studied feeding, condition, and
size structure for walleye in the lower Eleven Point
River, Arkansas, which has high species diversity
(Johnson and Beadles 1977).
Study Site
The Eleven Point River is a clear, predominantly
spring-fed stream located in the extreme eastern Ozark
Mountain region of southeast Missouri and northeast
Arkansas. The headwaters of the stream originate in
Howell County, Missouri, and flow approximately 225
km south before joining the Spring River in Randolph
County, Arkansas. The upper 160 km of stream occurs
within the borders of Missouri whereas the lower 65
km occurs in Arkansas. There are no streams feeding
the Eleven Point River in Arkansas, and stream
gradient within Arkansas is 0.57 m/km.
Dominant predatory sportfishes of the lower
Eleven Point River within Arkansas includes
smallmouth bass Micropterus dolomieu Lácepède,
shadow bass Ambloplites ariommus Viosca, walleye,
largemouth bass M. salmoides (Lácepède) and spotted
bass M. punctulatus (Rafinesque). Cyprinids are
abundant as forage for predatory fishes, and primary
forage fishes include horneyhead chub Nocomis
biguttatus (Kirtland), bluntnose minnow Pimephales
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notatus (Rafinesque), bigeye chub Hybopsis amblops
(Rafinesque), brook silverside Labidesthes sicculus
(Cope), central stoneroller Campostoma anomalum
(Rafinesque) and several Notropis and Moxostoma
species (Johnson and Beadles 1977).
Both the Arkansas Game and Fish Commission
(AG&FC) and Missouri Department of Conservation
(MDC) have stocked fingerling walleye into the Eleven
Point River to augment the native population (Henry et
al. 2008). The AG&FC has stocked on average 38,000
fingerlings (mean size of 45 mm total length (TL)) per
year (range of 15,000 – 105,000; mean density of
590/river km) since 1986 into three sites (9, 30 and 45
km upstream of the confluence with the Spring River;
Table 1) in the Eleven Point River. The MDC first
stocked 1,200 15 cm walleye over the lower 21 km of
the river in Missouri in 1998 (Mayers 1998). Numbers
and sizes and walleye stocked per year by the MDC are
also highly variable (range of 252 - 13,000 fingerlings,
plus a single stocking of 600,000 fry; mean density of
5,205 fingerlings/km). Stocking contribution
represents approximately 25% among cohorts (Henry
et al. 2008). Angler pressure on walleye is light due to
limited river access and an angler focus on centrarchids
and ictalurids.
Methods
Population structure
Daytime electrofishing by boat using a 16’,
aluminum, flat-bottom boat equipped with a 45 H.P.
Mercury outboard motor and jet propeller occurred
sequentially downstream, beginning 1.5 km of the
Missouri border and ending 5 km upstream of the
river's confluence with the Spring River (~ 60 total
km). The river was subdivided into five sections
(hereafter labeled as Sections A (upstream) through E
(downstream)), primarily as a function of boat access
and distance, with sampling performed from June to
November in 2002 (9 sampling trips), January to
October in 2003 (9 trips), and May to June in 2004 (7
trips).
Length of the five sections in an upstream to
downstream order was: Section A (5.40 km); Section B
(8.74 km); Section C (15.33 km); Section D (9.80 km);
Section E (17.29 km). Stream gradient for each section
was determined using USGS topographic maps.
Gradients within sections were similar other than
Section E, which was greatly reduced in slope: Section
A, 0.56 m/km; Section B, 0.66 m/km; Section C, 0.46
m/km; Section D, 0.60 m/km; Section E, 0.24 m/km.
The entire 60 km stretch within Arkansas was
sampled annually during these years. Sampling was
not performed during the late fall and winter months
(December – February) due to the potential of
disrupting Ozark hellbender Cryptobranchus
alleganiensis bishopi Grobman spawning in the river.
Sampling involved a range of river habitats rather than
just in presumed walleye habitat because of multiple
target species (e.g., black basses Micropterus).
Total length (TL; mm) and mass (g) were collected
from each walleye. Population structure information
(catch-per-effort (CPE), proportional stock structure
(PSS) and relative stock structure (RSS)) was
calculated for fish stock size (250 mm or greater} in
each river section. Stock sized individuals were
divided into three length groups for comparisons of
condition and feeding. Proportional stock distribution
was based on a quality fish size of 380 mm and a
preferred size of 510 mm (Gabelhouse 1984). Length
groups were: stock – PSD (stock), PSD – PSD-P
(PSD), and PSD-P+ (PSD-D) (Guy et al. 2007). Catch
per effort and size structure (mean length, PSS, RSS)
were compared among stream sections using ANOVA.
Each sampling trip represented one sample. River
means of size structure and standard errors were
calculated by averaging all section totals. ANOVAs
demonstrating significance were followed with an a
posteriori Tukey's multiple comparison test to
investigate treatment and interaction effects. All
significance levels were set at α = 0.05.   
Condition and feeding comparisons
Condition, expressed as relative weight (Wr)
values, was calculated for stock size individuals using
the parameters of Murphy et al. (1990). Relative
weights were compared among sections, length groups
and sample months (March/April, May/June,
July/August, and September/October) using ANOVA.
Comparisons of condition among size classes can
provide insight into prey availability among those size
classes (Wege and Anderson 1978, Murphy et al.
1990).
Feeding was studied in a qualitative versus a
quantitative manner for 102 walleye collected during
May to August 2002. Stomach contents were
identified in the field to broad taxa (fish, crayfish,
insects, other). Diet composition and proportion of
individuals feeding were to be compared by sample
months (May/June, July/August, October/November)
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Table 1. Population characteristics of walleye populations as determined by catch per effort (CPE), size structure as determined by proportional
(PSD) and preferred (PSD-P) stock distributions and relative weights of walleye sampled relative to section in the Eleven Point River, AR.
Standard errors are in parentheses.
Section CPE n PSD PSD-P Wr
A 4.94 (0.99) 33 82 27 90 (1.7)
B 5.38 (1.36) 58 76 29 90 (1.1)
C 6.39 (1.37) 46 91 35 89 (1.1)
D 5.15 (0.40) 135 80 22 92 (0.7)
E 4.06 (2.05) 71 70 24 94 (1.8)
Totals 5.18 (0.48) 303 80 (3.5) 27 (2.2) 91 (0.5)
and by size group (stock, PSD, and PSD-P); however,
all prey consumed were fishes other than for one
individual, so diet comparisons were limited to
proportion of walleye feeding relative to those
variables.
Results
Population structure
Walleye were the third most frequent game fish
species collected in the Eleven Point River (n = 301),
with other dominant species being smallmouth bass (n
= 1,032), shadow bass (631), largemouth bass (197)
and spotted bass (166). Catch declined among
successive years (n = 131 in 2002; 109 in 2003; 61 in
2004). Increased turbidity in 2004 coupled with higher
than normal water levels led to fewer sampling trips (7
in 2004 versus 9 in 2002 and 2003), which could
account for that year’s decrease. Support of this
hypothesis is the lack of significant differences in CPE
( = 5.2/h) among sections (p = 0.831) or year sampled
(p = 0.905) (Table 1).
Mean walleye PSS in the Eleven Point River was
80 while the mean RSS was 27 (Table 1). There were
no significant differences in size structure among
sampling years (p = 0.093) or section (p = 0.261). Few
walleye collected (~ 1 %) were less than stock size,
which is probably due to the size biases of boat
electrofishing (Reynolds 1996). A high number of
walleye were collected greater than 600 mm TL (n =
17) and masses greater than 4 kg (n = 11), with the
largest individual 802 mm TL and 5.9 kg in mass.
Condition and feeding comparisons
Mean relative weights for walleye were greater
than 90 for all size groups (Figure 1). Fish of PSD size
had significantly greater relative weights than PSD-P
fish (F2,299 = 4.184; p = 0.016; Tukey’s, p < 0.05).
Significant differences in mean relative weights also
occurred among sample months (F3,299 = 10.985; p <
0.001; Tukeys, May/June = July/August >
September/October) and among years (F2,300 = 21.579;
p < 0.001; Tukeys, 2002 > 2003 > 2004; p < 0.01). No
significant differences for relative weights were
identified among sections (p = 0.119), however.
51.0% of the 102 walleye stomachs examined
contained fish remains, with no other taxa identified.
Species identification of the fish matter was not always
possible but most remains appeared to be minnows
(Pimephales) or bottom dwelling fish such as
stonerollers (Campostoma), chubs (Hybopsis or
Nocomis) and sculpins (Cottus). In addition, a 33 cm
northern hogsucker Hypentelium nigricans (Lesueur)
was found in one large walleye while remnants of large
gizzard shad Dorosoma cepedianum (Lesueur)
occurred in some of the other larger walleye. No
centrarchids were identified despite their high
frequency in the river. Feeding of walleye was more
common during May/June (n = 73; 54.8%) than during
July/August (n = 29; 41.3%). Additionally, feeding
was more evident in the smaller size groups (stock,
58.8 %; PSD, 58.6%) than in the largest size group
(PSD-P, 44.6%).
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Figure 1. Relative weights of walleye in the Eleven Point River, Arkansas, on the basis of size (stock; PSD; PSD-P), year sampled (2002, 2003,
2004), month sampled (March/April; May/June; July/August; September/October) and section of the river sampled (Sections A-E). Bars are
arranged in the order presented.
.
Discussion
Population structure
Both the number of walleye caught per effort and
the size structure of those walleye were high in the
Eleven Point River. Despite our multi-species
approach in sampling, catch rates ( = 5.2/h) are much
greater than one lotic walleye population (x = 0.16/h;
Columbia River, Zimmerman 1995), yet considerably
less than another population ( = 9.5/h; Muskegon
River, Diana 2006). Nonetheless, our catch rates may
have been greater had we targeted a single species in a
narrow habitat. Direct comparisons of catch rates
among studies are problematic due to a wide range of
variables both among study methods and rivers
studied.
High fish densities as demonstrated by high catch
rates are often associated with reductions in PSD
values (Anderson 1973, Reynolds and Babb 1978).
Anderson and Weithman (1978) have recommended
PSD values of 30 - 60 for balanced populations. Our
PSD of 80 for walleye of the Eleven Point River may
be indicative of poor recent recruitment (Anderson and
Weithman 1978), despite walleye being stocked in the
river by the AGFC annually since 1984 (Henry et al.
2008).
Condition and feeding
Feeding of walleye was similar to previous studies
of other systems, both in prey selection and frequency
of feeding. Adult walleye were solely piscivorous,
similar to many other studies (e.g., Maule and Horton
1985, Vigg et al. 1991, Mittlebach and Persson 1998),
with most prey soft-rayed fishes (Parsons 1971, Knight
et al. 1984). In lentic waters, benthopelagic yellow
perch Perca flavescens (Mitchill) and schooling
pelagic species such as alewives Alosa
pseudoharengus (Wilson) and gizzard shad are often
targeted (Swenson and Smith 1976, Quist et al. 2002,
Lyons and Magnuson 1987, Porath and Peters 1997),
although walleye are considered to be opportunistic
predators (Ryder and Kerr 1978, Lyons and Magnuson
1987). Fish diversity in the Eleven Point River is quite
high (Johnson and Beadles 1977), and there are no
numerically dominant littoral species. Diet of these
walleye was also diverse, suggestive of a generalist
feeding strategy, similar to another lotic walleye
population (Stephenson and Momot 1991).
Frequency of walleye having empty stomachs is
highly variable among differing population studies,
ranging from 11 - 80% (Dendy 1946, Rawson 1957,
Little et al. 1988, Stephenson and Momot 1991,
Kocovsky and Carline 2001, Quist et al. 2002; Diana
2006). The proportion of walleye in the Eleven Point
River having empty stomachs fits in the middle of this
Size Year Month Section
80
82
84
86
88
90
92
94
Mean
Wr
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range. The frequency of walleye empty stomachs
increased during the summer months, as water
temperatures surpassed 23 oC in July and August
(Christian et al. 2006). Walleye activity and feeding
both in laboratory and field studies tend to decline
above this temperature (Kelso 1972, Ager 1976,
Hokanson 1977, Quist et al. 2003, Diana 2006).
Larger walleye (PSD-P) had a greater proportion
of empty stomachs than smaller fish. This may be due
to a lack of size-specific prey for larger fish (Wege and
Anderson 1978, Murphy et al. 1990) or that larger fish
feed less frequently on larger prey items (Ivlev 1961).
Relative weights for the largest fish were lower than
for smaller individuals, supporting a lack of suitable
prey for these fish. Nonetheless, internal examination
of fish sacrificed for age estimation indicated that even
the largest fish collected had large deposits of fat
within their body cavities, evidence of good condition
for all size classes.
Condition was slightly less than that recommended
(95 – 105) for walleye populations (Murphy et al.
1990). A comparison of other lotic walleye population
relative weights compiled by Murphy et al. (1990)
indicates that relative weights were greater than some
river populations (< 90; Clinch River, TN; Wisconsin
River, WI; Mosquito Creek, Northwest Territories),
comparable to other river populations (90-95;
Luxapallia Creek, MS; Kirwin River, KS; Muskegon
River, MI; Missouri River, SD) and less than one
walleye population (> 100; Morean River, SD).
Additionally, Billington and Maceina (1997) identified
Mobile basin walleye river populations to be greater
than 90. It is possible that the hydrodynamic forces of
streams may favor a more stream-lined body plan
particularly for larger fish and therefore lower relative
weights compared to lotic populations (Hubbs 1941,
Winemiller 1991, Matthews 1998); this hypothesis
remains to be tested for riverine walleye.
We expected relative weights to be lowest
following the spawn in March (Hansen and Nate 2005)
and during the July/August sampling due to increases
in water temperature and reductions in feeding
(Kitchell et al. 1977, Kocovsky and Carline 2001).
Surprisingly, we found the lowest relative weights
during September and October, which is inconsistent
with our feeding data and other studies (Hansen and
Nate 2005, Hartman and Margraf 2006). Fish had
apparently recovered from spawning and increased
biomass by our May sampling. Sampling during late
March/early April may have revealed these expected
post-spawning trends in condition, but this sampling
was prevented due to high water.
In summary, we have identified that the lower
Eleven Point River contains a quality walleye fishery.
Catch rates and size structure were high relative to
other streams studied in North America. Relative
weights of all length groups were greater than 90.
Stomach contents of walleye were more suggestive of
a generalist strategy in a stream of high species
diversity, as compared to the targeting of a single
numerically dominant prey, which is common in lentic
systems.
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Abstract
A qualitative freshwater mussel survey was
performed in the South Fork Spring River, Arkansas
between May 13 and June 20, 2006 to assess
community composition, density, and the presence of
endangered mussel species (Family Unionidae).
Twenty-one species from 460 individuals of mussels
were collected using qualitative methods. Of those 21
species, 11 were ranked as S1, S2, or S3 using rankings
established by the Arkansas Natural Heritage
Commission Heritage Program. Three species,
Amblema plicata (Say 1817), Lampsilis reeveiana
(Call 1887), and Ptychobranchus occidentalis (Conrad
1836), comprised 48% of all mussels collected with
12%, 15%, and 21%, respectively. Mussel abundance
within beds ranged between 2 to 33 individuals/site
with an overall mean of 13 individuals/site. Selecting
mussel beds for long-term monitoring in streams is
necessary to assess population status and recruitment
and to document success of future stream restoration
projects.
Introduction
Freshwater mussels (Unionidae and
Margaritiferidae) are widely distributed throughout
North America with nearly 300 taxa (Williams et al.
1993). Unfortunately, many are imperiled species.
Currently there are 70 species of freshwater mussels in
North America that are considered federally threatened
or endangered (U.S. Fish and Wildlife Service 2007).
In Arkansas, 52 of 77 extant mussel species are
considered to be of special concern and in Missouri,
there are approximately 52 species with 28 of those
considered species of special concern (Missouri
Department of Conservation 2003, Arkansas Game and
Fish Commission 2007).
No doubt, freshwater mussels have suffered
significant population declines and range restrictions in
Ozarks region during the last century (Utterback 1915,
Oesch 1995, Roberts and Bruenderman 2000,
Bruenderman et al. 2001). Williams et al. (1993)
suggested that the declines are primarily the result of
habitat destruction and degradation associated with
adverse anthropogenic activities. The abundance and
diversity of unionid mussels in Missouri are greatest in
the larger rivers that drain the Ozarks region
(Utterback 1915, Oesch 1995). Surveys have
documented the mussel fauna in streams of this region
such as the Spring River (Trauth et al. 2007), and
selected streams in southeast Missouri (Buchanan
1996). The regions of greatest concern within Arkansas
are found in the Ouachita and Ozark Highlands, with
several endemic species occurring within these
ecoregions (The Nature Conservancy 2007).
Documenting the mussel resources of a river is
important for establishing a monitoring system or a
management plan. The primary goal of this study was
to conduct a baseline qualitative survey of freshwater
mussel populations in the South Fork Spring River
(SFSR), which can then be used to track changes and
develop a conservation plan. To do so, we used timed
qualitative visual survey methods along the entire
length of the South Fork Spring River in southeastern
Missouri and northeastern Arkansas. Through this
process, we documented mussel species distributions,
relative abundance, catch per unit of effort (CPUE)
data, and locations of mussel assemblages.
Materials and Methods
Study Area
The South Fork Spring River (SFSR) originates in
southeastern Missouri and flows through the Ozark and
Salem Plateaus (Figure 1). The SFSR is approximately
120 km in length, of which 45 km flows through
Missouri, and drains approximately 243 km2 (Arkansas
Natural Resources Commission 1995). The SFSR
begins in Howell County, Missouri, flows through
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Figure 1. Map of the South Fork Spring River showing the 2006 freshwater mussel qualitative survey sampling locations and the arbitrary upper,
middle, and lower river divisions.
Fulton and Sharp counties, Arkansas until its
confluence with the Spring River northeast of the city
of Hardy in Sharp County, Arkansas. Major tributaries
to the SFSR include Myatt Creek, Spring Creek, West
Fork, Horton Branch, Camp Creek, and Lick Creek.
The SFSR is designated as an Extraordinary
Resource Water by the Arkansas Department of
Environmental Quality (2006), with the land
surrounding the SFSR consists of predominantly
pastureland and forestland (Arkansas Natural
Resources Commission 1995). The SFSR is located
within the Ozark Highlands, which consists of
dissected plateaus and narrow valleys with steep
gradients (Arkansas Natural Resources Commission
1995). The soils of the Ozark Highlands developed
mainly from limestone and dolomite and range from
very deep to shallow in depth. The annual
precipitation ranges from 1,025 to 1,225 mm and
maximum rainfall occurs in the spring and early
summer, while minimum rainfall occurs in
midsummer. The average annual air temperature is
between 13 oC and 16 oC.
Qualitative Survey Methods
Specific sampling sites were chosen in the field
based on the apparent quality of mussel habitat (e.g.,
suitable depth and flow, stable substrate with some
fines that allows the mussel to burrow), signs of mussel
assemblages such as shells in muskrat middens, and
accessibility by land or water. Qualitative sampling
was conducted by searching for live specimens in the
stream and along the shore. During the sampling
period, May and June 2006, the water was very low
and clear, and the wetted width ranged from 3 m to 27
m.
Qualitative surveys consisted of timed visual
searches by a ≥2-person team via snorkeling or 
SCUBA methods for a minimum of 60 person minutes
(e.g., 2 searchers for 30 minutes, 3 searchers for 20
minutes, etc.). The river bottom was searched for
mussels by continually sweeping side to side in a
zigzag pattern. Occasionally, rocks were lifted to look
for mussels underneath. Species were identified,
counted, and returned to the stream in life position.
Species identification was made using primarily
external shell morphology following Oesch (1995)
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with nomenclature following Turgeon et al. (1998).
Locations were recorded using USGS 7.5 minute maps
and latitudes and longitudes obtained by a Garmin GPS
72 Global Positioning System (GPS) unit (NAD83
datum). Catch per unit of effort (CPUE;
individuals/minute) was calculated for each species
and for all mussels per site. Each species also was
identified by state rankings S1 to S5 (S1=extremely
rare, S2=very rare, S3=rare to uncommon,
S4=common, apparently secure, and S5=common and
secure) established by the Arkansas Natural Heritage
Commission Heritage Program (2004).
Results
A total of 35 sites were surveyed in the SFSR
between May 13 and June 20, 2006 (Table 1; Figure 1)
resulting in a total of 21 species being identified from
460 live specimens (Table 2). Of those 21 species, 11
are ranked as S1 to S3 (extremely rare to
uncommon)(Table 2). Three species, Amblema plicata
(Say 1817), Lampsilis reeveiana (Call 1887), and
Ptychobranchus occidentalis (Conrad 1836),
comprised 48% of all mussels collected, with 12.0%,
15.2%, and 21.1%, respectively. Mussel abundance in
the SFSR ranged between 2 to 33 live mussels at sites
35 and 29, respectively, with an overall mean of 13
individuals/site. The greatest number of individuals
collected and the highest CPUE occurred at Site 29 (33
and 0.55 individuals/min, respectively)(Table 2).
Species richness ranged from 2 to 10 species/site, with
the greatest richness occurring at Site 23 (Table 2). In
the upper portion of the SFSR, Ligumia. subrostrata
(Say 1831) and Utterbackia. imbecillis (Say 1829)
were the dominant species, while downstream (Sites
SF 06-35) A. plicata, L. reeveiana, and P. occidentalis
were the dominant species (Table 2; Figure 1).
Discussion
Considering the relative size of the SFSR drainage
area to other streams, the SFSR (drainage area ~ 243
km2) exhibits relatively high taxa richness (n= 21)
compared to other Ozark streams. For example, the
Spring River, Arkansas (drainage area ~ 3186 km2) has
a taxa richness of 28 (Trauth et al. 2007), while the
Buffalo River, Arkansas (drainage area ~ 3427 km2)
has a species richness of 23 (Matthews 2007).
Conversely, the SFSR has lower relative mussel
abundance compared to other Ozark rivers. For
example, the SFSR had an overall CPUE of 0.22
individuals / minute, while the Buffalo River had a
Table 1. South Fork Spring River qualitative mussel survey site
locations by coordinates (latitude and longitude (NAD 83), county
and state [Arkansas (AR) and Missouri (MO)].
Site Coordinates County State
01 N 36.62163, W 91.87279 Howell MO
02 N 36.61949, W 91.87083 Howell MO
03 N 36.61333, W 91.86985 Howell MO
04 N 36.52219, W 91.82793 Howell MO
05 N 36.50990, W 91.84682 Howell MO
06 N 36.47792, W 91.84689 Fulton AR
07 N 36.46267, W 91.85246 Fulton AR
08 N 36.46272, W 91.85815 Fulton AR
09 N 36.44091,W 91.82872 Fulton AR
10 N 36.42740, W 91.82987 Fulton AR
11 N 36.42642, W 91.83039 Fulton AR
12 N 36.41824, W 91.82830 Fulton AR
13 N 36.41013, W 91.81932 Fulton AR
14 N 36.40326, W 91.80689 Fulton AR
15 N 36.39128, W 91.81204 Fulton AR
16 N 36.38095, W 91.80581 Fulton AR
17 N 36.36553, W 91.75885 Fulton AR
18 N 36.35263, W 91.75418 Fulton AR
19 N 36.35599, W 91.75010 Fulton AR
20 N 36.36903, W 91.73871 Fulton AR
21 N 36.36769, W 91.72079 Fulton AR
22 N 36.33932, W 91.71330 Fulton AR
23 N 36.34434, W 91.70600 Fulton AR
24 N 36.34848, W 91.70190 Fulton AR
25 N 36.35258, W 91.69688 Fulton AR
26 N 36.35730, W 91.68898 Fulton AR
27 N 36.34967, W 91.68440 Fulton AR
28 N 36.35443, W 91.66881 Fulton AR
29 N 36.34363, W 91.65281 Fulton AR
30 N 36.33803, W 91.62307 Fulton AR
31 N 36.34323, W 91.58601 Fulton AR
32 N 36.33271, W 91.57234 Fulton AR
33 N 36.32215, W 91.57452 Fulton AR
34 N 36.36271, W 91.55367 Sharp AR
35 N 36.32254, W 91.52893 Sharp AR
CPUE of 1.1 individuals/minute (Matthews 2007).
However, compared to the Tyronza River (CPUE of
0.45 individuals/minute), a Mississippi Delta stream of
similar drainage area, the SFSR has similar to CPUE
(Christian et al. 2007).
The high taxa richness and low relative
abundances is expected for a headwater stream like the
SFSR as most headwater mussel species have a
relatively small geographic range. Meyer et al. (2007)
cited two primary reasons for these small ranges: their
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limited ability to move and the high diversity of
headwater habitats. Other explanations for the
restricted range may be 1) the limited range of the fish
hosts and/or 2) seasonal reductions in available habitat
(e.g. during the summer months, entire reaches of the
Missouri portion of the SFSR are dry with only
residual pools). Mussels also vary considerably with
respect to their habitat preferences. Some are restricted
to a specific habitat type (e.g. small creeks), whereas
others can be found in almost any permanent body of
water. For instance, at Sites 1 through 4, the habitat
reach ranged from about 3 to 6 meters wide and
consisted of a series of shallow pools. Ligumia
subrostrata and U. imbecillis were the two dominant
species found at these sites; not surprising because
these two species are usually found in sluggish mud-
bottomed pools of creeks and rivers (Cummings and
Mayer 1992).
Overall, the relative abundance and taxa richness at
sites were variable in SFSR, which may be a result of
differences in the distribution and quality of
microhabitats within a particular segment of the
stream. Habitat characteristics (physical and chemical)
and impacts from land use discharges could be
affecting the range of variation in the mussel
communities of the SFSR. For example, excessive
sedimentation has been suspected as a cause of mussel
declines since the late 1800s (Kunz 1898, Box and
Mossa 1999) and studies suggest that the composition
and abundance of mussel faunas are directly linked to
bed sediment distributions (Neves and Widlak 1987,
Leff et al. 1990, Box and Mossa 1999). Land-use,
topographic relief, and geologic history also have been
shown to influence mussel distributions (Arbuckle and
Downing 2002). Some examples of land use changes
that influence mussel richness and abundance are
urbanization, logging, and the conversion of land cover
to agricultural crops (Arbuckle and Downing 2002).
Poor land-use practices, in part, provide excessive
sedimentation, one of the most ubiquitous factors that
may adversely affect mussel populations (Box and
Mossa 1999). Thus, due to their restricted ranges and
declining population levels, it is important to keep
impacts to mussel habitat at a minimum for the
continued existence of these species.
Conclusions
We documented 21 species, of which 11 species
had a state ranking of S1, S2, or S3. The first action in
conserving the freshwater mussel resources of the
South Fork Spring River, as in most river systems
today, is to protect existing mussel populations and
habitat. Efforts to increase populations include habitat
improvement, artificial propagation, reintroduction,
and development of captive populations in hatcheries.
Selecting mussel beds for long-term monitoring in
streams is necessary to assess population status and
recruitment and to document success of future
restoration projects. Management strategies for
conserving mussel diversity differ depending on
watershed characteristics. Based on this qualitative
survey the SFSR should be divided morphologically
into the upper, middle, and lower sections for a
complete inventory.
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Abstract
The Buffalo River in north-central Arkansas is
approximately 246 km long and flows through the
Boston Mountains and Springfield and Salem Plateaus
to the White River near Buffalo City. The Buffalo
River is America’s first National River with the
National Park Service owning 11% of land in the
watershed. The objectives of this project were to
survey the entire perennially wet length of river, search
for mussels of conservation concern, and document the
freshwater mussel assemblages. During 2004 and
2005, 235 km of the river were qualitatively and
quantitatively surveyed. We documented 64 mussel
assemblages. Time constrained qualitatively sampled
assemblages (n=41) resulted in a mean richness of 7.8
with a range of 2 to 12 species. Quantitatively sampled
mussel assemblages (n=23) had a mean richness of 9.5,
ranging from 4 to 16 species and a mean density of 6.9
individuals/m2, ranging from 1.3 to 25.6
individuals/m2. Detrended correspondence analysis
revealed 4 distinct community types dominated by: 1)
Ptychobranchus occidentalis (Conrad 1836), 2) Villosa
iris (Lea 1829), 3) Cyclonaias tuberculata (Rafinesque
1820), and 4) Actinonaias ligamentina (Lamarck 1819)
that represented approximate species gradients along
the river’s length. Previous surveys collectively
recorded a total of 26 species for the river, however;
only 23 species were identified in this survey with no
federally listed threatened or endangered species
found. The Buffalo National River has a moderately
diverse and abundant native freshwater mussel fauna.
Seventy-eight percent of the current species are
considered to be of conservation concern (S1-S3).
Consequently, the Buffalo National River may prove to
be an important refuge for a declining mussel resource.
Introduction
Freshwater mussels of the families Unionidae and
Margaritiferidae (Mollusca: Bivalvia) are found
throughout the world except Antarctica. However,
they reach their greatest diversity in North America
with over 300 taxa recognized (Williams et al. 1993,
Turgeon et al. 1998). Freshwater mussels are
America’s most threatened faunal group, with greater
than 70% being imperiled or extinct (Bogan 1993,
Williams et al. 1993, Bogan 1997, Vaughn and Taylor
1999, Lydeard et al. 2004, Strayer et al. 2004).
The reasons for such drastic declines in both
richness and abundance vary, however, most
explanations involve anthropogenic habitat degradation
(e.g., impoundments, river channelization, exotic
species introductions, bank erosion, etc.) (Williams et
al. 1993, Watters 1996, Ricciardi et al. 1998, Brim Box
and Mossa 1999, Vaughn and Taylor 1999, Anthony
and Downing 2001, Strayer et al. 2004). Exotic
species such as Asian clam (Corbicula fluminea
(Muller 1774)) or zebra mussel (Dreissena polymorpha
(Pallas 1771)) may negatively impact native bivalves
in many ways such as: resource competition (space and
seston), ingestion of sperm, glochidia, or freshly
sloughed juveniles (Strayer 1999a). Reservoirs alter
both the impounded area and the downstream habitat.
Within the impounded area of the reservoir, shallow
riffle/run habitats (with which mussels are often
associated) are inundated eliminating host fish
spawning habitats, increasing sedimentation, and
interfering with host fish infestation strategies (Brim-
Box and Mossa. 1999). Meanwhile, the dam itself has
been shown to be a barrier to host fish migration
(Watters 1996). Vaughn and Taylor (1999)
documented a gradient of unionid extirpation below
reservoirs with a gradual linear increase in richness and
abundance downstream of the dam. Similar findings
occurred at confluences of tributaries containing
reservoir tail water, where abundances were greatly
diminished compared to upstream of the confluence.
River channelization creates many problems such as
increased sedimentation, bank destabilization, and
incision of the riverbed upstream of the channelization
(Statzner et al. 1988, Newson and Newson 2000). In
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agricultural areas, locations with higher topographic
relief are correlated with decreasing mussel density and
species richness due to increased erosion and river
destabilization (Arbuckle and Downing 2002).
The Buffalo River is a free flowing river located in
north-central Arkansas that is famous for recreational
hiking, canoeing, and camping. The river originates
within the Boston Mountains, passes through both the
Springfield and Salem Plateaus, and flows
approximately 241 river kilometers (rkm) through the
Ozark uplift until it joins the White River near Buffalo
City, Arkansas (Figure 1), approximately 45 rkm
downstream of Bull Shoals Reservoir and 20 rkm
upstream of the confluence of the tailwaters of the
Norfork Reservoir with the White River. The Buffalo
River watershed is approximately 3,427 km2 with
ownership 60% private and 40% public. The National
Park Service owns a 212 km-long corridor along the
main channel encompassing 11% of the watershed.
Remaining public lands within the watershed are
divided between the Ozark National Forest (26%) and
the Arkansas Game and Fish Commission (3%) (Moix
and Galloway 2004). Within this watershed, private
land use is primarily agricultural, consisting mostly of
logging and cattle grazing.
The freshwater mussel resources of the Buffalo
River were first documented by Meek and Clark in
1910 when they searched approximately 161 rkm
downstream from what is now Arkansas Highway 7
(Meek and Clark 1912). They identified 26 freshwater
mussel assemblages and a total of 22 species. A water
quality survey in the 1970’s only listed bivalves
(Babcock and MacDonald 1973). A unionacean
checklist for the state of Arkansas (Gordon et al. 1979)
listed 26 species occurring in the Buffalo River. In the
mid 1990s, Harris (1996) checked the status of the 26
assemblages originally identified by Meek and Clark
(1912). While Harris (1996) sampled 41 sites, the
exact locations of the Meek and Clark (1912)
assemblages were not known and hindered direct
comparisons. Harris (1996) provided a list of 20 sites
that may correspond to 15 of the original 26 mussel
assemblages.
Harris (1996) also documented 2 species not
previously recorded by Meek and Clark for the Buffalo
River: Fusconaia flava (Rafinesque 1820) and
Ptychobranchus occidentalis (Conrad 1836). Harris
(1996) attributed these species additions to possible
misidentifications and taxonomic “lumping” with other
species (Pleurobema sintoxia (Rafinesque 1820) and
Elliptio dilatata (Rafinesque 1820), respectively) by
Meek and Clark.
Harris (1996) did not observe 3 species previously
documented by Meek and Clark (1912): Lampsilis
siliquoidea (Barnes 1823), Potamilus purpuratus
(Lamarck 1819), and Ligumia recta (Lamarck 1819).
Harris (1996) attributed the lack of observing L.
siliquoidea to it being generally an uncommon species
in the White River drainage. He suspected that the
latter 2 species might be extirpated from the drainage
due to the formation of Bull Shoals and Norfork
Reservoir dams and the subsequent limitation of fish
host migration into the Buffalo River due to the
thermal barrier created by the tailwater release from
the dams on the White River. These studies resulted in
a combined tally of 26 species, but left approximately
one third of the river, the portion upstream of Arkansas
Highway 7, unsurveyed.
In this paper, we discuss the results of a 2 year
qualitative and quantitative survey of the native
freshwater mussel resources of the Buffalo National
River with implications for future long-term
monitoring. During the survey process, we
documented the status of the 41 Harris (1996) sites, the
2 species believed to be extirpated (Ligumia recta
(Lamarck 1819) and Potamilus purpuratus (Lamarck
1819)), and federally protected endangered and
threatened taxa.
Materials and Methods
Qualitative Survey
The main stem of the Buffalo River was qualitatively
and quantitatively surveyed from Dixon Ford in the
Ozark National Forest to the confluence with the White
River near Buffalo City from June through August in
2004 and 2005 (Figure 1). Qualitative sampling was
performed in areas where mussel assemblages were not
historically known and consisted of time-constrained
walking visual, snorkeling, or diving searches, which
have been shown to maximize species richness
determinations while remaining cost effective (Strayer
et al. 1997, Vaughn et al. 1997, Strayer and Smith
2003). The mussel assemblages were typically
searched for a total of 1 person-hour (e.g., 2 searchers
for 30 minutes or 3 searchers for 20 minutes, etc.). All
individuals were identified to species following
Turgeon et al. (1998), and voucher specimens were
curated in the Arkansas State University Museum of
Zoology, Unionoida Collection. After the timed
search, species, relative abundance, location of
assemblage (7.5 minute USGS quadrangle maps), and
GPS coordinates were recorded for each sampling
reach. Site codes were assigned using river kilometer
Species Richness, Distribution, and Relative Abundance of Freshwater Mussels of the Buffalo National River
Journal of the Arkansas Academy of Science Vol. 63, 2009
115
(rkm) number (upstream from mouth) on National
Geographic maps of the Buffalo National River.
Quantitative Survey
Quantitative sampling was performed in the
summers of 2004 and 2005 at sites where mussel
assemblages were identified from Harris’ (1996)
previous survey and followed a stratified random
quadrat sampling design (Christian and Harris 2005).
The physical extent of each mussel assemblage was
visually (via snorkeling) determined, using a minimum
criteria of 1 mussel/m2 mean, and demarcated with
weighted string buoys. When appropriate,
assemblages were stratified based on differences in
substrate composition, river morphology, or
assemblage shape. In order to maximize species
Figure 1. Buffalo National River located in north central Arkansas and flowing through Newton, Searcy and
Marion Counties, Arkansas with State Highways 21 and 7 indicated. Qualitative sampling sites indicated by red
squares and quantitative sampling sites indicated by black circles.
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richness and abundance estimates, assemblage
sampling was based on 10% of total area, with a
minimum of 15 and a maximum of 25 1-m2 quadrats
(Christian and Harris 2005). Once the number of total
samples was determined, samples were divided
proportionally among strata based on stratum area to
total area (e.g., Stratum 1 is 20% of total area, it
receives 20% of the number of samples) with a
minimum of 3 samples per stratum.
Quadrat sample sites were obtained from a random
numbers table and applied in an X, Y coordinate style.
Mussels within a 1-m2 quadrat (constructed of 2.5 cm
diameter weighted PVC pipe) were collected by
excavating the substrate to a depth of 10-15 cm, and
visually or tactily searching through the substrate.
Mussels were placed in a mesh bag and taken to the
surface where they were identified, weighed, measured
(length, width, and height), and then returned to the
site of collection.
Summary statistics for quantitatively sampled
mussel assemblages included mean assemblage areas,
mean richness, densities (individuals m-2), and sample
variances and standard deviations for individual
species and quadrats. We calculated species
population estimates and assemblage total community
numeric standing crop (CNSC) using the equation
summarized below (Sampford 1962). The total
number of individuals for an assemblage is:
where x is the total number of mussels in an
assemblage, i is the number of strata, yi is the sample
total (total individuals collected), and gi is the raising
factor (gi = 1/fi, where fi is the fraction sampled and is
defined by ni/Ni with ni being the number of sample
units counted in the ith stratum, and Ni being the total
potential number of sampling units in the ith stratum).
Ninety five percent confidence intervals (95% CI)
were calculated using:
where S2yi is the sample variance from counts in the ni
sampling units in the ith stratum and t is the student’s t
for effective degrees of freedom.
Sampling efficiency of the quantitative sampling
was assessed using 2 methods. One described by
Southwood (1978) is represented by:
where n = sample size, s = standard deviation, E =
standard error as a decimal and x = mean richness or
density. The second, reported by Downing and
Downing (1992), is represented by:
where m is the mean density and D is SE/m where SE
is the standard error of the samples. Both of these
formulas were used to determine the number of quadrat
samples needed to estimate mean species richness and
mean density with 80% and 90% confidence limits.
Sampling efficiency was also assessed as our
ability to sample all species within an assemblage by
comparing our species richness to first and second
order Jackknife estimates using PC-ORD software
(McCune and Mefford 1999) where:
where S = the observed number of species, rl the
number of species occurring in 1 sample unit, and n =
the number of sample units and
Community Structure Analysis
Both quantitative and qualitative data were used to
determine community structure. Data was
standardized between the 2 datasets by converting the
species by site data matrix into relative abundance
(percent of assemblage) data. Classification of mussel
communities along the river continuum was conducted
using detrended correspondence analysis (DCA). The
analysis consisted of two matrices: the primary matrix
is a site by species table using percent of the
assemblage; the secondary matrix was site by
approximate river km. These matrices were imported
into the statistical software PC-Ord (McCune and
Mefford 1999). After the initial eigen values were
acquired, biplots for species making up at least 5% of
the total mussels collected were examined to determine
site clustering.
Results
During 2004 and 2005, a total of 235 rkm was
qualitatively and quantitatively surveyed with 33
qualitative and 23 quantitative sites sampled within the
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main stem of the Buffalo River (Figure 1). A total of
2195 individuals and 22 species were recorded during
the qualitative surveys (Table 1). Mean species
richness of qualitative surveys was 7.8 with a range of
2 to 11, and the mean number of individuals sampled
per site was 65.8 with a range of 5 to 305 for the 33
sites (Table 1). Catch per unit effort (CPUE) per site
averaged 58.3 and ranged from 10 to 206/hr. An
additional site was qualitatively sampled on the
tributary Cave Creek, resulting in a total of 25
individuals and 4 species.
For the 2004 and 2005 quantitative sampling, 23 of
Harris’ original 41 sites were quantitatively sampled,
while 3 were qualitatively sampled. The remaining 15
Harris sites were not sampled due to various reasons.
Of the 23 assemblages that were quantitatively
sampled, mean area was 277 m2 with a range of 54 to
840 m2 (Table 2)
Mean species richness was 9.2 with a range of 4 to
15. Densities ranged from 1.3 to 25.5 individuals/m2
with a mean of 6.9. Mean community numeric
standing crop estimate was 2088 individuals per
assemblage with a range of 115 to 9118.
A combined total of 3180 individuals were
sampled quantitatively and qualitatively in 2004 and
2005, with 6 species comprising 89% of the total
(Table 3). Ptychobranchus occidentalis (Conrad 1836)
was the dominant species comprising 29.8% of the
total. Lampsilis reeveiana (Call 1887), Fusconaia
ozarkensis (Call 1887), Actinonaias ligamentina
(Lamarck 1819), Venustaconcha pleasii (Marsh 1891),
and Villosa iris (Lea 1829) comprised the remainder of
the 89% (17.8%, 9.9%, 9.2%, 7.2%, and 6.6%,
respectively).
Community Structure
The DCA output resulted in eigen values of 0.368
for Axis 1 and 0.274 for Axis 2, thus explaining a
combined 64.2% of the overall variation of the dataset
(Figure 2). Analysis of the DCA species biplots
revealed 4 distinct community types dominated by 1)
Villosa iris (Axis 1: τ=-0.05; Axis 2: τ=0.47), 2)
Ptychobranchus occidentalis (Axis 1: τ=-0.61; Axis 2: 
τ=-0.14), 3) Actinonaias ligamentina (Axis 1: τ=0.48; 
Axis 2: τ=-0.26), and 4) Cyclonaias tuberculata (Axis
1: τ=0.16; Axis 2: τ=-0.56) that represent approximate
species gradients along the river length (Figures 3- 4).
Lampsilis reeveiana, the second most abundant
species, was not associated with a community type as it
was distributed along the entire length of the river.
Discussion
Distribution data for freshwater mussels of the
Buffalo National River has been expanded by an
additional 72 rkms, resulting in 7 more mussel
containing sites being documented. A previously
undocumented species, Epioblasma triquetra
(Rafinesque 1820), state ranked S1, was recorded for
the Buffalo River.
Abundance and Species Richness
Unionid diversity has been shown to increase with
drainage area size (Watters 1992). The Buffalo River
(drainage area ~3,427 km2) exhibits a lower unionid
diversity (taxa richness of 23) compared to other
streams of the Ozarks. For example, the Spring River
Arkansas, which has a drainage area of ~3186 km2, has
a taxa richness of 28 (U.S. Department of Agriculture
1999, Trauth et al. 2007) and the South Fork of the
Spring River has a species richness of 22 (Martin
2008). Meanwhile, historical accounts of the Little
Black River, Missouri, which has a smaller drainage
are of ~650 km2, report a historical taxa richness of 32
and modern richness of 21 species (Bruenderman et al.
2001).
However, in terms of abundance, the Buffalo River
has a rather abundant mussel assemblages compared to
other Ozark rivers; the mean CPUE of the Buffalo
River is 66 individuals/hr as compared to 7
individuals/hr in the Little Black River (Bruenderman
et al. 2001). The Buffalo River’s CNSC estimates,
ranging from 115 to 9118 individuals, were similar to
those for the Spring River (Rust 1993) that ranged
from 288 to 9883 individuals.
Historical Comparisons
Harris’ (1996) survey reported 5 species that
comprised 82% of the total; listed in descending order
of abundance they were Actinonaias ligamentina,
Amblema plicata, Ptychobranchus occidentalis,
Lampsilis reeveiana, and Cyclonaias tuberculata. We
found 6 species that comprised 80% of the total with
the descending order of abundance being
Ptychobranchus occidentalis, Lampsilis reeveiana,
Fusconaia ozarkensis, Actinonaias ligamentina,
Venustaconcha pleasii, and Villosa iris.
This apparent assemblage structure shift may have
several explanations. First, Harris’ (1996) sampling
design was qualitative in nature, while the present
study is a combination of qualitative and quantitative
sampling design. Much work has taken place to
determine differences, effectiveness, and similarities of
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Table 3. Total number of individual samples and the percent of
total for each species based on combined qualitative and
quantitative survey data in 2004 and 2005.
Taxon NumberCollected Percent
Actinonaias ligamentina 292 9.2
Alasmidonta marginata 12 0.4
Amblema plicata 62 1.9
Cyclonaias tuberculata 77 2.4
Cyprogenia aberti 2 0.1
Elliptio dilatata 187 5.9
Fusconaia flava 12 0.4
Fusconaia ozarkensis 315 9.9
Lampsilis cardium 23 0.7
Lampsilis reeveiana 567 17.8
Lampsilis siliquoidea 6 0.2
Lasmigona costata 120 3.8
Pleurobema sintoxia 47 1.5
Potamilus purpuratus 7 0.2
Ptychobranchus occidentalis 949 29.8
Quadrula cylindrica 7 0.2
Strophitus undulatus 26 0.8
Toxolasma lividus 6 0.2
Tritogonia verrucosa 10 0.3
Venustaconcha pleasii 230 7.2
Villosa iris 211 6.6
Villosa lienosa 12 0.4
Total 3180 99.9
sampling methodologies (Downing and Downing
1992, Miller and Payne 1993, Hornbach and Deneka
1996, Strayer et al. 1997, Vaughn et al. 1997,
Obermeyer 1998, Strayer 1999b, Metcalfe-Smith et al.
2000, Strayer and Smith 2003, Smith 2006). These
differences in design, as well as the additional 72 rkm
surveyed on the upper river may account for the
apparent shift in overall river composition. This is
especially true of Ptychobranchus occidentalis as 1
assemblage, (RK 182.6) located in the additional 72
rkm previously unsurveyed, had the second highest
densities for the entire river and was overwhelmingly
dominated by P. occidentalis. The present survey also
more intensely sampled riffle/run habitats compared to
previous studies which may explain the increase of
Venustaconcha pleasii as they are typical of
headwaters and use many darter species common in the
Buffalo River as their fish host (Barnhart and Roberts
1997, Riusech and Barnhart 2000, Petersen and Justus
2005).
A second plausible explanation may be shifts in
host fish abundance and distributions. The apparent
increase in Lampsilis reeveiana and Villosa iris may be
attributable to the combination that they are host
generalists utilizing members of the sunfish family
(Barnhart and Roberts 1997), which are abundant in
the Buffalo River (Peterson and Justus 2005).
Conversely, Fusconaia ozarkensis is reported to
parasitize minnows including Luxilis cardinalis, L.
zonatus, and Phoxinus eyrthrogaster (Barnhart and
Roberts 1997), and Peterson and Justus (2005) do not
list any of these as occurring in the Buffalo River.
However, Meek and Clark (1912) reported small fishes
“…the more common being Notropis zonatus”. This
may have actually been Luxilus pilsbryi as Luxilus was
later elevated from genus Notropis (Robison and
Buchanan 1988, Petersen and Justus 2005). Luxilus
pilsbryi is an endemic to the Interior Highlands, as is
Fusconaia ozarkensis, and thus may indicate a
symbiotic phylogeographic relationship.
Finally, apparent hydrologic instability (e.g.,
eroding banks, obvious channel movement from 1996
to present, etc.) may have different effects on the life
history stages of various species of both host fishes and
unionids. Due to long, relatively sedentary life spans,
freshwater mussels require areas of the channel capable
of withstanding substantial scouring flood events
(Strayer 1993b, Di Maio and Corkum 1997, Brim Box
and Dorazio 2002, Peck 2005). Fish may be able to
handle the shifting sediments over time better than the
relatively sedentary unionids.
For the purpose of this study, specific site
comparisons were restricted to the more recent Harris
(1996) survey due to the lack of exact locality data for
Meek and Clark survey stations (Harris 1996).
Although the Harris (1996) survey was largely a
qualitative survey, “semi-quantitative” sampling was
conducted at 6 sites and consisted of 2 or 3 m2 quadrat
samples per site.
At the Harris’ BR11, Site RK 156.7 of current
study, we found a species richness of 8, compared with
the 7 species found by Harris resulting in total site
diversity of 9 species. Four of 9 species were observed
on both sampling dates, with 3 being observed only in
the 1996 survey and 4 only being observed in the
current survey. The 3 species observed previously at
BR11, but not observed in this survey, included:
Actinonaias ligamentina, Alasmidonta viridis, and
Cyprogenia aberti. Alasmidonta viridis is a rare
species in the Buffalo River, Harris (1996) observed 2
individuals from separate sites. Therefore, A. viridis’
absence from this site in the current study is not
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Figure 2. Detrended Correspondence Analysis axes 1 (Eigen value = 0.368) and 2 (Eigen value = 0.274) graph of the 2004 and 2005 Buffalo River
qualitative and quantitative freshwater mussel relative abundance survey data. Triangles represent sites.
surprising. Cyprogenia aberti is a rare species in the
Buffalo River and is rather diminutive in size; both
attributes make it difficult to sample using random
sampling (Strayer et al. 1997, Strayer and Smith 2003).
However, the absence of Actinonaias ligamentina
during the present sampling of RK 156.7 is somewhat
surprising because it is widespread within the Buffalo
National River and because Harris (1996) recorded 8
individuals. The 2 species (Venustaconcha pleasii and
Villosa iris) present during the present sampling, but
not in the previous sampling may be a result of the
more intensive sampling effort of this survey. The
current mean density (5 individuals/m2) is significantly
lower than that of the previous study (28
individuals/m2); however, this is likely an artifact of
differences in the sampling design of the 2 studies,
consisting of Harris’ maximum density sampling
versus our stratified random sampling.
At Harris site BR16, our RK 104.3, we observed a
species richness of 5 compared to 7 species
documented by Harris. Species composition is quite
different, with only 1 (F. ozarkensis) of Harris’ 7
species being in common with this current sampling.
Our average density, 2.1 individuals/m2, was
considerably lower density than the 11.5
individuals/m2 reported by Harris. The differences in
composition and densities are presumably for the same
reasons discussed above.
At Harris BR19, our Site RK 100.7, we found a
species richness of 9 compared to 8 previously
documented species resulting in a total richness of 12.
Five of 12 species were observed for both sampling
dates, with 3 species only being observed in the 1996
survey and 4 species only being observed in the current
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Figure 3. Detrended Correspondence Analysis axes 1 and 2 biplot of Villosa iris (top) and
Ptychobranchus occidentalis (bottom) Buffalo River distribution based on 2004 and 2005 qualitative and
quantitative relative abundance data. Size of triangle represents relative weighting and influence of
species on a site.
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Figure 4. Detrended Correspondence Analysis axes 1 and 2 biplot of Actinonaias ligamentina (top) and
Cyclonaias tuberculata (bottom) Buffalo River distribution based on 2004 and 2005 qualitative and
Quantitative relative abundance data. Size of triangle represents relative weighting and influence of
species on a site.
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survey. The 3 species observed previously, but not
currently reported include Lasmigona costata,
Quadrula cylindrica and Pleurobema sintoxia and
were represented by 1, 2, and 2 individuals,
respectively. As with the previous sites, there was a
considerably lower average density for the current
study compared to Harris’ study, 5.6 versus 11.0
individuals/m2, respectively.
At Site RK 96.9, Harris BR21, we observed 13
species compared 9 species documented Harris. All 9
species previously reported were present in the current
study, as well as 4 new species; Cyprogenia aberti,
Elliptio dilatata, Venustaconcha pleasii and Villosa
iris. Unlike the previously discussed sites, our average
densities were similar to the Harris’s densities, 11.5
individuals/m2 versus 10 individuals/m2, respectively.
Furthermore, this site was among the highest
calculated confidence levels for density estimates at
85% (Southwood 1978).
At Site RK 82.9, Harris BR27, we observed 7
species compared to 5 reported by Harris for a total
richness of 10. Two of 10 species were observed for
both sampling dates, with 3 species only being
observed for the 1996 survey and 5 species only being
observed in the current survey. Two species
previously observed, but not observed in our study,
include Lasmigona costata and Cyclonaias
tuberculata. Harris (1996) observed 3 C. tuberculata
individuals and 1 L. costata. Amblema plicata was not
recorded in our sampling of this site, but was noted as
being present in a low mussel density area (<1/m2)
below the sampled site. Average densities were
considerably lower for our sampling compared to
Harris, 2.1 versus 8 individuals/m2, respectively.
At the Harris BR39, our RK 34.6 we observed a
species richness of 16 compared to the 10 species of
the previous study. The only species of the original 10
not observed in 2005 was C. aberti. However, this
species was observed when the bed was sampled in
2006 as 1 of the 12 monitoring sites. The current
average density of the site was more than double that
of the previous survey; 25.5 individuals/m2 versus 11.7
individuals/m2, respectively. The increase in density
and species richness at this site is not surprising given
the sampling differences discussed above and the fact
that numerous quadrat samples that had no or few
animals present at the surface yielded densities of up to
35 individuals/m2 and many animals were as deep as
15 cm.
Community Structure
The presence of 4 community types, loosely
related to stream position, is consistent with previous
studies showing that species are typically added (as
opposed to being replaced) on a longitudinal basis
(Strayer 1983). There is some overlap within stream
position and community type. This fact poses some
intriguing questions for requirements of native
freshwater mussels (e.g., microhabitat variables,
macrohabitat variables, exotic species influences, water
quality, etc).
Sampling Assessment
This sampling design (developed for large deltaic
blackwater rivers) seems to yield similar efficiency in
mid-sized upland stream/rivers. Southwood (1978)
sampling confidence levels for density are similar
among this study and Cache River as well as the
Spring River (Christian and Harris 2005, Trauth et al.
2007). Southwood (1978) sampling confidence levels
for species richness were also similar between the large
deltaic river and the current study (Christian and
Harris, 2005). In order to maximize information and
minimize cost this sampling design (sampling 10% of
bed, with a minimum of 15 and a maximum of 25 1 m2
samples) is appropriate for future monitoring. This
may be supplemented with timed qualitative searches if
data is needed for a particular rare species (e.g.,
Epioblasma triquetra).
Summary and Conclusions
The assemblage types (i.e. Ptychobranchus
occidentalis, Villosa iris, Cyclonaias tuberculata, and
Actinonaias ligamentina) can be linked to fish host
distribution data to develop management strategies for
this declining resource in addition to the
geomorphological data currently being collected.
While documentation of habitat requirements for
unionids has proven difficult (Strayer 1983, Strayer
1993a, 1993b, Di Maio and Corkum 1995, Downing et
al. 2000, Brim Box and Dorazio 2002) hosts are
essential to the distribution of mussels. This can be
combined with size distribution data from long term
monitoring to determine recruitment and relative
stability of the community types.
The effects of sampling on mussels are uncertain
(Strayer and Smith 2003). These effects could include
biological stresses or in the case of this sampling
design microhabitat disturbance due to the nature of
the excavation. However, this is a part of an ongoing
long term monitoring study. Future studies could
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include sampling of fish communities to assess suitable
host fish relationships at the sites and additional
geomorphic monitoring (e.g., after moderate to large
flood events). Due to the longevity of freshwater
mussels and the unknown effects of sampling mussels
an appropriate time frame would be a 5 - 10 year
sampling interval.
Future mollusk sampling should include a protocol
for the exotic species Corbicula in conjunction with
the freshwater mussel protocol. Sampling Corbicula
populations may help determine if their populations are
increasing, declining, or remaining stable and could be
used to determine if they are influencing freshwater
mussel populations. Corbicula may negatively impact
native bivalves in many ways such as: resource
competition (space and seston), ingestion of sperm,
glochidia, or freshly sloughed juveniles (Strayer
1999a).
Seventy eight percent of the 23 species currently
present in the Buffalo River are of conservation
concern (state heritage rankings S1- S3) including 5
(excluding Actinonaias ligamentina) of the 6 most
abundant species (Table 4). These 5 S1 – S3 species
currently have relatively abundant and stable
populations in the Buffalo National River. As North
American freshwater mollusk decline, areas of large
public ownership will become increasingly important
as both a refuge for existing populations and potential
seed sources for future restoration activities. Thus, the
Buffalo National River represents a potential refuge
area for mussel diversity and abundance in the Ozark
Highlands.
Many federal and state hatcheries have turned to
working with freshwater mussels and housing fish
during parasitic glochidial life stage and rearing of
juveniles. However, given the uncertainty of food
resource requirements of both adults and juveniles, in
situ rearing allows for greater success and larger
individual at the time of release (Andrew J. Peck,
unpublished data). Thus, the Buffalo River could also
provide an area for the rearing of juvenile mussels as
long as sufficient precautions are implemented to
assure the genetic integrity of each ecological
management unit.
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Abstract
We determined the health status of similar channel
catfish (Ictalurus punctatus) ponds in Lincoln and
Desha counties of Arkansas, using the nematode soil
food web condition as our reference point. Soil
nematodes were categorized into colonizer-persister
(cp) groups, based on their life course characteristics
e.g sensitivity to environmental changes, body size,
etc. These cp groups represent different components of
the soil food web, which in turn were indicators of soil
conditions. Benthic soil samples were collected at four
week intervals over a 4-month period, from 6-ponds in
each county. The nematodes were extracted according
to standard methods and the recovered nematode taxa
grouped according to their cp values. The product of
each nematode taxon was determined (mean number of
individuals x cp value) and the sum of all members of a
cp group constituted the biomass produced by that cp
group. Nematodes of the cp-3 and cp-4 groups
dominated in biomass productivity in ponds for both
counties. These groups of nematodes represent
structured components of a food web and therefore a
healthy ecosystem. Lincoln county ponds had higher
cp-3 and cp-4 biomass likely due to slightly less acidic
conditions while Desha county ponds had a greater
biomass of plant-parasitic nematodes. It was also found
that free-living nematodes tolerate more acidic
conditions than plant-parasitic nematodes, though this
could also be related to more root tissues. Nematode
biomass calculations could be useful in determining
benthic soil food web conditions, which may provide a
simple way of assessing environmental conditions and
changes in Arkansas catfish ponds.
Keywords: Arkansas; fish ponds; nematode soil food
web; biomonitoring; benthic soil health status;
biomass.
Introduction
Soil food webs and function
The sustained productivity of Arkansas catfish
ponds is directly tied to managing and maintaining the
health of these aquatic environments. Regular
monitoring of pond conditions is essential for
profitable catfish production. Nematodes are excellent
indicators of changes in environmental conditions and
in some cases they are useful determinants of
environmental health. Therefore nematode guilds, used
as indicators of food web conditions might be valuable
in monitoring the ongoing health of ponds.
The many functions of soil food webs are defined
in terms of key ecosystem processes (Ferris et al.,
2001). These include environmental maintenance,
detoxification of pollutants, and nutrient cycling.
Different nematode guilds react differently to
environmental perturbations. Consequently, there exist
an enrichment food web, a basal food web and three
levels of structured food webs. Depending on the food
web type that dominates, the health status of the
aquatic ecosystem can be inferred. Knowledge of the
function of the soil food web in relation to the presence
and abundance of its component organisms is a basic
requirement for soil stewardship (Ferris et al. 2001).
Nematodes and Biomonitoring
Nematodes are extremely abundant in almost all
environments. These primarily microscopic metazoans
occupy all niches that provide an organic carbon
source in aquatic and terrestrial environments.
Nematodes vary in their sensitivity to pollutants and
environmental disturbance and their value as
bioindicators of environmental conditions has been
recently summarized (Bongers and Ferris 1999).
Nematodes are in all soil types, under all climatic
conditions, and there is a clear relationship between
structure and function. Nematodes are found both in
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pristine environments and under extremely polluted
conditions. Their permeable cuticle provides direct
contact with their microenvironment, and because they
occupy key positions in soil food webs, nematodes
respond rapidly to disturbance and enrichment.
Natural animal taxa are composed of species with
varying degrees of morphological and functional
similarity; the lower the hierarchical level of the taxon,
the higher the similarity. Nematode species in
monophyletic families generally have similar r- or K-
selected and other life-history characteristics (Bongers
and Ferris 1999). Consequently, species related at the
family level exhibit similar responses to environmental
perturbation (Bongers 1990).
For the purpose of biomonitoring, nematodes that
are particularly sensitive to perturbation, such as those
in the Dorylaimidae are considered K-strategists. They
are large bodied, low fecundity persisters that are
relatively pollution intolerant, and have relatively
permeable cuticles. Conversely, those considered r-
strategists such as members of the Rhabditidae are
small bodied, high fecundity organisms with relatively
impermeable cuticles. They are colonizers that are
relatively pollutant tolerant, that favor food rich
conditions (Bongers 1999). Within the two extremes
of r- and K-strategists are intermediates (Johnson et al.
1974).
Based on feeding habits and life-history, families
of nematodes can be ordered on a colonizer-persister
(cp) scale ranging from one (early colonizers of new
resources) to five (persisters in undisturbed habitats)
(Bongers 1990). The colonizer-persister (cp) scale is
therefore an assignment of soil and freshwater
nematodes to a 1-5 linear scale according to their r and
K characteristics (Ferris et al. 2001)
Definition of Terms: Nematode Guild Indicators of
Food Web Conditions
Food webs represent complex interactions between
organisms of different trophic groups and taxa. Using
nematodes, three qualitative conditions of food webs
have been described and their associated nematode
indicator guilds indentified.
Enrichment food web: Food webs become
enriched when disturbance occurs and resources
become available due to organism mortality, turnover,
or favorable shifts in the environment (Odum 1985).
These cp-1 nematodes are small with short generation
time. They are enrichment nematodes that form
dauerlarvae, and are mainly bacterial feeders (Ba1)
Basal food web: a food web that has been
diminished due to stress, due to limitation of resources,
adverse environmental conditions, or recent
contamination. Nematode guilds present are those
adapted to stress conditions and represent the cp-2
class of the MI (maturity index). They are
predominantly bacterial scavengers (Ba2) and fungal
feeders (Fu2). Both the Ba2 and Fu2 guilds are also
present in all other food web classes and have been
categorized as general opportunists (Bongers 1999).
The MI is the weighted mean frequency of the cp
classes (Bongers 1990). It expresses the proportional
representation of nematode families as an index of
environmental condition.
Structured Food webs: Food webs in which
resources are abundant or where recovery from stress
is occurring. Such webs are more specious than the
basal condition and there are more trophic links and
elements of community structure apparent (Ferris et al.
2001, Wardle and Yeates 1993, Wardle et al. 1995).
With time, maturation and a lack of environmental
perturbation, the degree of structure may increase as
indicated by a continuum of nematode guilds that
represent cp classes 3-5. Indicator guilds of
rudimentary community structure are the larger
bacterivore nematodes (Ba3), larger fungivore
nematodes (Fu3) and small carnivore nematodes (Ca2,
Ca3). With greater structure in the community, more
links in the food web, nematode predation and
multitrophic interactions occur (Ferris et al. 2001). The
nematode indicators are large carnivore nematodes
(Ca4), smaller omnivore nematodes (Om4), and the
largest fungivore nematodes (Fu4). Environmental
stability and homeostasis results in the highest levels of
community structure. Indicator guilds include the
largest carnivore nematodes (Ca5) and the larger
omnivore nematodes (Om5).
Plant parasitic nematodes are not included in the cp
scale for environmental monitoring because their
presence is dependent primarily on the root tissues of
higher plants. However, plant parasitic nematode
families are also arranged on the cp scale based on
body size and other life characteristics and they
constitute guilds Pl2 – Pl5 (Bongers 1990, Bongers and
Korthals 1995, Bongers et al. 1997, Yeates 1994).
Plant-parasitic nematode data collected and grouped
into cp-values are eventually related to soil conditions,
when transformed to biomass units.
Cp values and nematode body sizes
Nematodes of the family Rhabditidae tend to be
relatively small (Bongers 1999, Bongers and Ferris
1999). Nematodes of this family are in the cp-1 group.
The cp-2 group is composed of the smaller tylenchids,
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mainly feeding on epidermal cells; the fungal feeding
aphelenchoids and anguinids, and the bacterial feeding
cephalobids, plectids, and monhysterids (Bongers and
Bongers 1998).
The cp-3 group of nematode is composed of the
bacterial feeding teratocephalids, the Araolaimida and
Chromadoria; the larger tylenchid nematodes that feed
on deeper cell layers in the roots; the diphtherophorids,
and the carnivorous tripylids (Bongers and Bongers
1998).
The cp-4 nematode group is comprised of small
dorylaimids and large non-dorylaimds. This group is
composed of larger carnivores, bacterial feeding
Alaimidae and Bathyodontidae, the smaller dorylaimid
nematodes, and the plant feeding trichodorids (Bongers
and Bongers 1998).
The cp-5 nematode group is composed of the
larger dorylaimid: omnivores, predators, and plant
feeders. Nematodes of this group are of the largest
body sizes (Ferris et al. 2001, Bongers and Bongers
1998)
From the above, it is clear that body size is one of
the main factors taken into consideration during cp-
scaling of nematodes. However, Bongers (1999) notes
that body size is no objective criterion on which to
scale nematodes from colonizers to persisters. There
are small-sized persisters (Longidorella,
Microdorylaimus, Dorydorella) which never exceed
1mm in length and never rich the length of the most
extreme opportunists (e.g. members of the Rhabditidae,
Panagrolaimidae and Diplogasteridae). Absolutes in
biological structure, function, and behavior are rare if
not non-existent, for any designated biological taxon.
The small-sized persisters noted by Bongers (1999)
could therefore be considered the exceptions as
opposed to the rule. If a nematode sample excludes
these exceptions then it is reasonable to assume that
cp-scaling has an approximate relationship to the body
size of the nematode.
Biomass is living tissue and the amount of biomass
possessed by an organism is a measure of the amount
of living tissue produced i.e., its productivity. A small
bodied organism will produce less biomass as
compared to a relatively larger organism. This is
especially true when the organisms compared are of
the same bio-architectural design, for example,
nematodes versus nematodes, mites versus mites, etc,
and also that these organisms are in the same
ecological environment. Based on this, the success or
abundance of a group of organisms could be measured
based on the amount of biomass contributed to its
microenvironment as opposed to its numerosity. The
abundance of a nematode cp group could therefore be
determined by measuring its biomass produced in its
microenvironment.
Purpose of this Investigation
Pond fish farming is a major agricultural industry
in Lincoln and Desha Counties in Arkansas as well as
in many other counties of the state. Some of these
ponds were established decades ago using varying
management practices. While pond owners continue to
harvest fish, it is difficult to predict the sustainability
of production in these ponds. Sustained productivity of
their farming enterprises is dependent on the
healthiness of the ecosystem in which the fish are
grown.
Nematode faunal diagrams have been proposed as
a way of using nematode food web structure in
determining environmental conditions (Ferris et al.
2001). Our main objective was to study the feasibility
of using nematodes as bioindicators of the health status
of fish ponds in Lincoln and Desha counties using
nematode food web conditions as our indicators. We
intend to use biomass units (bu) derived from food web
structure and their cp values to determine the
conditions of the fish ponds investigated. Biomass
units will be calculated by multiplying the number of
individuals in a cp-class times their cp-values.
Based on their cp values nematode food web types
could be enriched (cp-1), basal (cp-2), rudimentary
structured (cp-3), structured (cp-4), and stable
structured (cp-5). Structured food webs are indicators
of a healthy ecosystem. A dominance of any of the
food web types enumerated above will therefore be an
indication of the soil conditions. We determined the
conditions of commercial fish ponds in two counties,
based on these qualitative conditions of soil nematode
food webs.
Materials and Methods
Study sites and fish farm management.
The fish ponds studied were located in Desha and
Lincoln counties of Arkansas. These are neighboring
counties, Lincoln being to the east of Desha. The
Desha soils are described as mostly poorly drained, pH
6.6-7.3, and organic matter content of 0.5-4.0; while
the Lincoln soils are mainly soils of loessial plains,
poorly drained, with a slightly acidic pH, and organic
matter content of 0.4-4.2 (Scott et al. 1998).
A total of 12 similar fish ponds were investigated
six from each county. The selection of the ponds was
based on permission by the farmers. The ponds were
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commercial channel catfish (Ictalurus punctatus)
ponds of approximately 12 acres in surface area and an
average of 4 ft in depth. All of the ponds are 10-20
years old. The ponds are not drained for harvest and so
they are filled year round with fish. They are however,
drained and reshaped every 5-7 years.
The management of the Desha ponds is intensive,
stocking mixed sizes at about 10,000 fish/acre and
feeding at over 100 lb/acre/d using 32% floating pellets
during warm weather (above 21°C). Fish in these
ponds were fed 12-times during the summer. The
Lincoln county ponds though similarly managed were
stocked at 8500 fish/acre and fed at a lower frequency
of nine-times in the summer. In the winter, all the
ponds are fed only during relatively warm periods.
Benthic soil sample collection and nematode
extraction
Sampler design: Benthic soil samples were
collected using a corer sampler of the authors’ design.
Basically, the sampler was a 1.5 m long PVC
cylindrical tube with a core diameter of 8.5 cm and 30
cm from the distal end was perforated with drain holes.
A 1.75 m long wooden plunger, with a PVC disk of
diameter 8.2 cm attached at the proximal end, was used
to remove the soil core from the tube. The sampler size
was designed to fit clear, plastic screw top sample jars.
With a 1.5 m height, the sampler can be used either
from shore or from the water.
Benthic soil samples were collected from each
pond for 4 months (December- March). The samples
were collected at 4 week intervals. Four samples were
collected from each pond during each sampling period,
with one sample from each of the four corners of the
pond. Samples were collected to a depth of 15-20 cm
and 1.5 m away from the shore. There were therefore
4-composite samples for each pond, during each
sampling period. The temperature of the soil samples
was determined in the field and the pH in the
laboratory.
In the laboratory, individual composite soil
samples were homogenized and mixed. A 50 ml
subsample was used for pH determination and 100 ml
was used for recovery of nematodes. Nematodes were
recovered using a combination of sieving, decanting
and Baermann funnels. The sample for the nematode
assay was suspended in 10 L of water. Clumps were
dissolved by hand. The mixture of soil and water was
stirred and left to settle for 30-50 seconds, then the
supernatant was decanted through a 60 mesh sieve and
the trapped debris was washed lightly into the filtrate.
The collected filtrate was further stirred and left to
settle for another 30-50 seconds and then the
supernatant was decanted through a 400 μm mesh 
sieve. The soil retained on the 400 μm mesh sieve was 
transferred onto a Baermann funnel assemblage and
incubated for 72 hr (Barker 1985). After the
incubation period, 15 ml of each sample was tapped
and the total number of nematodes was counted
irrespective of guild or taxon. The sample was then
concentrated by centrifugation and the supernatant
removed except for 0.5 ml containing the concentration
of nematodes. This was used to make a temporary
slide, and the nematodes were identified to family,
genus, and species where possible. At least 100
nematodes were identified from each temporary slide
and this number adjusted to the total count for the
sample obtained during the nematode quantification
count (Ferris and Matute 2003).
Analysis of Data
With very few exceptions, cp-scaling of nematodes
uses as one of its main criterion, the body size of the
nematodes. Thus a cp-5 nematode is larger than a cp-3
nematode and a cp-1 nematode is smaller than a cp-4
nematode, etc. The exceptions noted by Bongers
(1999), were not recorded in our investigation. We are
proposing an alternate use of cp values that makes the
following assumptions-a) the cp values assigned to
nematode taxa are directly related to their body sizes,
b) body sizes are related to and are a measure of
biomass content i.e. amount of living tissue or matter,
and c) that the dominant cp group in any ecosystem
will produce the most biomass i.e. its productivity. For
example, if cp-2 or stress tolerant nematodes produce
the most biomass-then we conclude that the food web
is stressed and therefore of poor health status, while on
the other hand if cp-3-5 groups produce the most
biomass, then we conclude that the food web is
structured and there fore healthy and stable.
Biomass productivity was calculated by
multiplying the cp value x the number of individuals in
that cp group irrespective of guild or taxonomic
designation. For example, if we recovered 257
individuals in a sample in the cp-3 group, then the cp-3
biomass productivity in that sample will be 3 x 257 =
771bu (biomass units).
We were interested only in using biomass
measurements to compare cp groups and county ponds.
Our interest was also focused on the overall picture, as
opposed to pond to pond differences or time of
sampling. The values used in calculating the biomass
produced in Tables 1 and 2 were mean values. For
example Mesorhabditis in Table 1, the 33.8 is the mean
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of 6-ponds and the mean of 4-sampling periods. The
biomass productivity was calculated as 33.8 x 1 = 33.8
bu. The 33.8 was therefore the biomass contribution of
this taxon in its microenvironment. The same
reasoning was applied to all the other taxa.
Results
Biomass productivity and food web nature in Lincoln
and Desha counties
The data collected for the Lincoln and Desha
counties are presented in Tables 1 and 2. Each table is
subdivided into 5-parts, each representing a nematode
colonizer-persister (cp) group. Within each cp group,
the biomass contributed by each nematode taxa is
indicated, it’s feeding guild, and food web designation
(e.g. Ba1). The total biomass productivity of each cp
group and its percentage total are also indicated.
Sixteen nematode genera were recovered from
Lincoln County ponds (Table 1). The nematodes from
the cp-3 group contributed the most biomass,
accounting for 37% of the total nematode biomass
produced, and the cp-2 group nematode taxa
contributed 33.9% of (Table 1), biomass produced in
the Lincoln County fish ponds.
The nematode cp groups percentages in Table 1,
includes nematodes that are sensitive to environmental
changes for example the cp-1 group (enrichment
nematodes) and the herbivores (Pl-dependent on root
tissues). When these groups of nematodes (denoted as
Table 1: Mean number of nematodes per 100ml benthic soil samples from fish ponds in Lincoln County. The number of nematodes is means of
24 samples (samples collected at 4 week intervals from six ponds). The nematodes are grouped according to their colonizer-persister (cp) values.
The biomass value of each genus is the product of its mean number and cp value.
Nematode
family
Nematode
taxa
Mean no. cp value Biomass
productivity
in biomass units (bu)
Response
Guild*
Rhabditidae
Rhabditidae
Panagrolaimidae
Rhabditidae
Diplogasteridae
Diplogasteridae
Part 1
Rhabditella
Rhabditis
Panagrolaimus
Mesorhabditis
Diplogaster
Demaniella
6-Genera
17.8
29.4
68.4
33.8
18.5
31.6
1
1
1
1
1
1
subtotal
17.8
29.4
68.4
33.8
18.5
31.6
cp-1 = 199.5**
Ba1
Ba1
Ba1
Ba1
Ba1
Ba1
8.3%
Cephalobidae
Cephalobidae
Tylenchidae
Aphelenchoididae
Tylenchidae
Part 2
Cephalobus
Acrobeloides
Tylenchus
Aphelenchoides
Psilenchus
5-Genera
71.1
46.4
99
94.3
99
2
2
2
2
2
subtotal
142.2
92.8
198
188.6
198
cp-2 = 819.6
Ba2
Ba2
Fu2
Fu2
Fu2
33.9%
Prismatolaimidae
Pratylenchidae
Part 3
Prismatolaimus
Pratylenchus
2-Genera
105.2
17.5
3
3
subtotal
315.6
52.5**
cp-3 = 368.1
Ba3
Pl3
15.2%
Dorylaimidae
Dorylaimidae
Mononchidae
Part 4
Timmus
Mesodorylaimus
Mylonchulus
3-Genera
78.9
22
122.3
4
4
4
subtotal
315.6
88
489.2
cp-4 = 892.8
Om4
Om4
Ca4
37%
Longidoridae
Part 5
Xiphinema
1-Genus
27.1 5
subtotal
135.5**
cp-5 = 135.5
Pl5
5.6%
Total 16-Genera cp1-5 = 2415.5
*Designation of nematode taxa according to feeding guilds and environmental sensitivity
** Excluded from environmental sensitivity considerations
M.M. Matute, P.W. Perschbacher, and A. Newell
Journal of the Arkansas Academy of Science, Vol. 63, 2009
136
** on Table 1) are excluded, we are left with the
following biomass values: cp-2 = 819.6bu (40.4%), cp-
3 = 315.6bu (15.6%), and cp-4 = 892.8bu (44%).
Nematodes in the cp-3 and cp-4 groups (55.6% total)
represent structured food webs as opposed to
nematodes in the cp-2 group (40.4% total) that are
indicators of a basal food web condition.
Thirteen nematode genera were recovered from the
Desha county ponds and nematodes from the cp-5
group contributed the most biomass, accounting for
29% of total productivity (Table 2). The cp-4 group of
nematodes made up 27.8% of the total biomass of
nematodes.
The nematode biomass in the Desha County ponds
includes both enrichment and plant-parasitic
nematodes (Table 2). These nematode types, are
normally excluded during environmental sensitivity
considerations and when these groups (denoted as **
in Table 2) were excluded, we are left with the
following biomass values: cp-2 = 154bu (24.1%), cp-3
= 150.3bu (23.5%), and cp-4 = 336bu (52.5%).
Nematodes in the cp-3 and cp-4 groups (76% total)
represent structured food web conditions as opposed to
the nematode taxa in the cp-2 group (24.1% total) that
are indicators of basal food web conditions.
A qualitative and quantitative comparison of
nematode taxa and biomass productivity in the
Lincoln and Desha fish ponds
There was similarity in the history and construction of
the Lincoln and Desha fish ponds. While their
management was also similar, the Lincoln County
ponds were less intensively stocked (8500 fish/acre),
while the stocking rate was 10,000 fish/acre for the
Desha County ponds. Also, the fish in the Lincoln
County ponds were fed 9-times in the summer versus
12-times for the Desha County ponds.
a. pH: For the duration of the investigation, the
mean pH value for the Lincoln County was 5.3
and that for the Desha County 5.9.
b. Number of nematode taxa: Up to 16 nematode
genera were recovered from the Lincoln
County ponds as compared to 13-genera from
Desha County.
c. Total nematode biomass: Two times as much
nematode biomass was produced in the
Lincoln County ponds as compared to the
Desha County ponds. Biomass productivity is
the amount of living matter that nematodes
produce in their microenvironments. The total
biomass of the individual nematode taxa
recovered from the Lincoln County ponds was
2415.5bu as compared to 1207.6bu for the
Desha County ponds.
d. Environmentally sensitive nematode taxa:
These are nematode taxa that respond to
changes in their immediate microenvironments
and therefore can be useful as indicators of
benthic soil conditions. Three such groups of
nematodes; cp-2, cp-3, and cp-4, were found in
Lincoln and Desha County ponds. In our
investigation, 5.3, 2.1, and 2.7 times greater
total nematode biomass was produced in the
Lincoln County ponds than in the Desha
County ponds for the cp-2, cp-3, and cp-4
indicator nematode groups, respectively.
e. Herbivore Nematodes (Pl): These are the plant
parasitic nematodes whose presence is always
associated with root tissues of higher plants.
As a general rule, plant parasitic nematode
genera are not included as indicators in
environmental conditions studies. The two
genera found in this investigation were
Pratylenchus (Pl3/cp-3) and Xiphinema (Pl5/cp-
5). Xiphinema was the only cp-5 group
nematode recovered in this investigation. The
total biomass for herbivorous nematodes was
greater in Desha County than in Lincoln
County ponds.
Discussion
Biomass productivity and the nature of the food web
For ponds in both the Lincoln and Desha counties,
nematode taxa included members of all colonizer-
persister (cp) groups from cp-1 to cp-5. This is
evidence of a speciose food web with multitrophic
linkages. In such food webs nematode predation and
multitrophic interactions occur that results in
environmental stability and homeostasis (Ferris et al.
2001).
Biomass productivity values were not based on the
number of individuals per taxa but rather the ‘actual’
contribution to living matter in a community of biotic
organisms. Thus we were able to determine what
fraction of the total biomass in a nematode community
was contributed by each group by determining the
product of mean values of individual members and
their cp values. We were therefore able to precisely
indicate the biomass contribution of each cp group,
which gives us a rough idea as to the nature and
condition of the food web. For example in Lincoln
County, the cp-1 nematode group constituted 8.3%,
cp-2 group 33.9%, cp-3 group 15.2%, cp-4 group 37%,
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Table 2: Mean number of nematodes per 100ml benthic soil samples from fish ponds in Desha County. The numbers are means for 4 months
from six ponds. The extracted nematodes are grouped according to their colonizer-persister (cp) values. The biomass value of each genus is the
product of its mean number and cp value.
Nematode
family
Nematode
taxa
Mean no. cp value Biomass
productivity
in biomass units (bu)
Response
Guild*
Rhabditidae
Panagrolaimidae
Rhabditidae
Diplogasteridae
Part 1
Rhabditella
Panagrolaimus
Mesorhabditis
Demaniella
4-Genera
26.8
71.9
22.7
17
1
1
1
1
subtotal
26.8
71.9
22.7
17
cp-1= 138.4**
Ba1
Ba1
Ba1
Ba1
11.5%
Cephalobidae
Aphelenchoididae
Tylenchidae
Part 2
Acrobeloides
Aphelenchoides
Psilenchus
3-Genera
20.3
32.4
24.3
2
2
2
subtotal
0.6
64.8
48.6
cp-2 = 154
Ba2
Fu2
Fu2
12.8%
Prismatolaimidae
Pratylenchidae
Part 3
Prismatolaimus
Pratylenchus
2-Genera
50.1
26.3
3
3
subtotal
150.3
78.9**
cp-3 = 229.2
Ba3
Pl3
19%
Dorylaimidae
Dorylaimidae
Mononchidae
Part 4
Timmus
Mesodorylaimus
Mylonchulus
3-Genera
40.4
21.3
22.3
4
4
4
subtotal
161.6
85.2
89.2
cp-4 = 336
Om4
Om4
Ca4
27.8%
Longidoridae
Part 5
Xiphinema
1-Genus
70 5
subtotal
350**
cp-5 = 350
Pl5
29%
Total 13-Genera cp 1-5 = 1207.6
*Designation of nematode taxa according to feeding guilds and environmental sensitivity
** Excluded from environmental sensitivity considerations
and cp-5 group 5.6%. The bulk of the biomass was
produced by cp 3-5, which are nematode guilds that
indicate structured food webs and therefore stable
environmental conditions.
Comparing Lincoln and Desha counties
The benthic soil samples of the Lincoln County
fish ponds were slightly more acidic (pH 5.3) than the
Desha ponds (pH 5.9). This difference is attributed to
either fish pond management practices and (/or) their
soil types. The Lincoln ponds were less intensively
stocked and the fish fed at a lower frequency than the
Desha ponds. Increased fish population density and
increased fish feed introduced into the ponds may have
increased the alkalinity of the ponds due to organic
compounds.
The Lincoln County ponds had a greater number of
nematode genera and higher biomass values than the
Desha ponds, so it is possible that the more acidic
conditions support higher nematode biomass
productivity and greater nematode taxa diversity.
The nematode groups recovered in this
investigation were cp-2, cp-3, and cp-4. A dominance
of cp-2 nematodes indicates stress in the environment
and possibly a polluted environment (Bongers 1990,
Ferris et al. 2001), while a dominance of cp-3 and cp-4
nematodes is an indicator of increasing community
structure, conditions that are associated with more
healthy environmental conditions. In our study, the
higher cp-3 and cp-4 biomass values in the Lincoln
County ponds implies that the Lincoln County ponds
are healthier than the Desha County ponds.
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Herbivore nematodes are normally not included in
environmental sensitivity considerations because their
presence is always associated with root tissues of
higher plants. In our investigation, the Desha County
recorded higher herbivore biomass values than the
Lincoln County ponds. This is attributed to greater
plant root tissues and a lesser tolerance for acidic
conditions by these plant-parasitic nematodes.
Conclusions
The ponds investigated in both counties appear to
be healthy from an environmental perspective.
Constant monitoring is however recommended to
anticipate near or long term changes that could
negatively affect fish production.
The acidity or alkalinity of fish ponds is affected
by the fish stocking density and frequency of feeding
among other factors. This in turn likely affects
nematode abundance and community structure. Greater
acidic conditions are favorable to the populations of
free living nematodes, while lesser acidic conditions
are favorable to herbivorous nematodes.
Calculating and using nematode diversity and
biomass appears to have some promise in determining
soil food web conditions and may provide a simple
way of assessing environmental conditions and
changes in commercial fish ponds in the Arkansas
Delta.
Literature Cited
Barker KR. 1985. Nematode extraction and bioassays.
In Barker KR, Carter CC, Sasser JN (Eds), An
Advanced Treatise on Meloidogyne: Methodology,
vol. 2. North Carolina State University Graphics,
Raleigh. p 19-35.
Bongers T. 1990. The maturity index an ecological
measure of environmental disturbance based on
nematode species composition. Oecologia 83:14-9.
Bongers T. 1999. The maturity index, the evolution of
nematode life history traits, adaptive radiation and
cp-scaling. Plant and Soil 212:13-22.
Bongers T and M Bongers. 1998. Functional diversity
of nematodes. Applied Soil Ecology 10:239-51.
Bongers T and H Ferris. 1999. Nematode community
structure as a bioindicator in environmental
monitoring. Trends in Evolutionary Ecology
14:224-8.
Bongers T, H van der Meulen, and G Korthals.
1997. Inverse relationship between the nematode
maturity index and plant-parasite index under
enriched nutrient conditions. Applied Soil Ecology
6:195-9.
Bongers T and G Korthals. 1995. The behavior of MI
and PPI under enriched conditions. Nematologia
41:286.
Ferris H, T Bongers, and RGM De Goede. 2001. A
framework for soil food web diagnostics: extension
of the nematode faunal analysis concept. Applied
Soil Ecology 18:13-26.
Ferris H and MM Matute. 2003. Structural and
functional succession in the nematode fauna of a
soil food web. Applied Soil Ecology 23:93-110.
Johnson SR, JM Ferris, and VR Ferris. 1974.
Nematode community structure of forest woodlots:
III. Ordinations of taxonomic groups and biomass.
Journal of Nematology 6:118-26.
Odum EP. 1985. Trends expected in stressed
ecosystems. Bioscience 35:419-22.
Scott HD, B Dixon, JM McKimmey, TH Udouj, and
RL Johnson. 1998. Arkansas Agricultural
Experimental Station Special Report 187.
Wardle DA and GW Yeates. 1993. The dual
importance of competition and predation as
regulatory forces in terrestrial ecosystems,
evidence from decomposer food webs. Oecologia
93:303-6
Wardle DA, GW Yeates, RN Watson, and KS
Nicholson. 1995. Development of the decomposer
food web, trophic relationships, and ecosystem
properties during a three-year primary succession
in sawdust. Oikos 73:55-66.
Yeates GW. 1994. Modification and quantification of
the nematode maturity index. Pedobiologia 38:97-
101
Yeates GW, T Bongers, RGM De Goede, DW
Freckman, and SS Georgieva. 1993. Feeding
habits in nematode families and genera-an outline
for soil ecologists. Journal of Nematology 25:315-
31
Journal of the Arkansas Academy of Science, Vol. 63, 2009
139
DNA Sequence Analysis of Freshwater Eustigmatophyceae, a Potential Source of
Essential Fatty Acids
S.E. Prior1, M.W. Fawley1, and K.P. Fawley1,2
1School of Mathematical and Natural Sciences, University of Arkansas at Monticello, 397 University Drive, Monticello, AR 71656
2Correspondence: fawley@uamont.edu
Abstract
Freshwater Eustigmatophyceae are a group of
microalgae that are considered rare and of low
diversity, with only a few genera and species in a
single order. Some Eustigmatophyceae produce fatty
acids that are important nutrients for aquaculture, as
well as for human food consumption. In addition,
some Eustigmatophyceae produce hydrocarbons that
may be useful in biofuel production. In our studies of
the diversity of coccoid algae from Itasca State Park,
Minnesota, we discovered several isolates that we
tentatively identified as Eustigmatophyceae.
Preliminary molecular characterization indicated that
these isolates were highly diverse and probably
represented species new to science. In this study, we
examined fifteen of the Eustigmatophyceae isolates
from Itasca State Park using DNA sequence analysis of
the plastid rbcL gene. Phylogenetic analyses of these
sequences strongly supported Eustigmatophyceae as a
monophyletic group and indicated two distinct lineages
among our isolates within Eustigmatophyceae. Our
results suggest that many of these isolates represent
new genera and species. We can also infer the
existence of at least two orders in the
Eustigmatophyceae, based on the presence of two
distinct lineages in the class. In addition to the
taxonomic implications, this study will aid in the
selection of isolates for further characterization of fatty
acids and hydrocarbons, or as part of a regenerative life
support system during extended space missions.
Key words. Algal diversity, Eustigmatophyceae,
phylogeny, rbcL, sequence analysis
Introduction
The class Eustigmatophyceae is one class of a
diverse assemblage of algae in the eukaryotic lineage
known as the stramenopiles. This major lineage
includes over 10,000 described species of diatoms,
oomycetes, kelps, small heterotrophic flagellates and
other photosynthetic algae. Stramenopiles are named
for the strawlike hairs on the flagellar body
(stramen=straw; pila=hairs). The vegetative or
reproductive cells typically have two differently
structured flagella; a long flagellum with tripartite hairs
and a short, naked flagellum (Graham et al. 2006).
All known members of the Eustigmatophyceae are
small unicellular coccoid algae with yellow-green
plastids. This class consists of 5 families, 10 genera
and 35 species in a single order (Guiry and Guiry
2009). They can be distinguished from other green
coccoid algae by the presence of a red or orange body
within the cytoplasm. The name Eustigmatophyceae
refers to the large orange-red eyespot (eustigma) that,
when produced, is present in the zoospores. Most
stramenopile algae possess both chlorophyll a and
chlorophyll c as major photosynthetic pigments.
However, members of the Eustigmatophyceae lack
chlorophyll c. The presence of violaxanthin as the
major accessory pigment is also characteristic of the
class. These organisms can be found in a diverse range
of habitats, which include marine, freshwater, and
terrestrial (soil) environments (Graham and Wilcox
2000). Some organisms within this class are known to
produce fatty acids, such as eicosapentaenoic acid
(Cohen 1994), which have been demonstrated to have
important health benefits for humans (Wen and Chen
2003). In addition, some microalgae have been
demonstrated to produce lipids and hydrocarbons that
may have uses as biofuels (Hu et al. 2008).
In our early studies of the diversity of coccoid
algae from Itasca State Park, Minnesota, several
isolates were tentatively identified as
Eustigmatophyceae by the presence of the red or
orange body in the cytoplasm. Preliminary molecular
characterization using 18S rDNA indicated a high level
of diversity among these isolates (unpublished
observation). However, 18S evolves too slowly to
resolve species level diversity in the
Eustigmatophyceae (Suda et al. 2002). The plastid
rbcL gene was chosen for this study because this locus
is more informative than 18S and it is easier to
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Table 1. Algal isolates examined in this study and their sources. All locations are in Itasca State Park, Minnesota.
Isolate Source location Sample Date
BogD 9/21 T-2d BogD, 47 10.63’ N, 95 09.93’ W, tychoplankton 21 September, 2000
Itas 9/21 S-8w Lake Itasca, 47 14.05’ N, 95 12.10’ W, phytoplankton 21 September, 2000
Mary 6/3 T-1w Mary Lake, 47 11.25’ N, 95 10.05’ W, tychoplankton 3 June, 2001
Mary 8/18 T-2d Mary Lake, 47 11.25’ N, 95 10.05’ W, tychoplankton 18 August, 2001
NDem 6/3 T-6w North Deming Pond, 47 10.28’ N, 95 09.98’ W, tychoplankton 3 June, 2001
NDem 6/3 T-9w North Deming Pond, 47 10.28’ N, 95 09.98’ W, tychoplankton 3 June, 2001
NDem 9/21 P-10w North Deming Pond, 47 10.28’ N, 95 09.98’ W, phytoplankton 21 September, 2000
NDem 9/21 T-17w North Deming Pond, 47 10.28’ N, 95 09.98’ W, tychoplankton 21 September, 2000
Pic 8/18 T-13w Picnic Pond, 47 14.41’ N, 95 12.15’ W, tychoplankton 18 August, 2001
Pic 9/21 T-1d Picnic Pond, 47 14.41’ N, 95 12.15’ W, tychoplankton 21 September, 2000
Tow 2/24 P-6d Tower Pond, 47 11.41’ N, 95 10.84’ W, phytoplankton 24 February, 2001
Tow 8/18 T-4w Tower Pond, 47 11.41’ N, 95 10.84’ W, tychoplankton 18 August, 2001
Tow 8/18 T-8w Tower Pond, 47 11.41’ N, 95 10.84’ W, tychoplankton 18 August, 2001
WTwin 8/18 T-5d West Twin Lake, 47 10.52’ N, 95 09.99’ W, tychoplankton 18 August, 2001
WTwin 8/18 T-6d West Twin Lake, 47 10.52’ N, 95 09.99’ W, tychoplankton 18 August, 2001
sequence than some other loci. This combination of
features makes rbcL useful for the examination of both
broad diversity and species level relationships.
Materials and Methods
Algal Cultures. Fifteen cultures from the Itasca State
Park, Minnesota, Microbial Observatory collection of
algae tentatively identified as Eustigmatophyceae were
used in this study (Table 1). These cultures were
isolated from phytoplankton and tychoplankton
samples from lakes, ponds, and bogs. For descriptions
of the collections sites and isolation methods, see
Fawley et al. (2004).
Light Microscopy. Isolates were examined using a
Nikon E-600 microscope (Nikon, Melville, NY, USA)
equipped with differential interference contrast optics.
Digital images were acquired with a Pixera 150ES
digital camera (Pixera Corporation, Los Gatos, CA,
USA).
Molecular Characterization. Sample DNA was
isolated from liquid WH+ (Fawley et al. 1990) cultures
using the isolation procedure outlined in Fawley and
Fawley (2004). The rbcL plastid DNA was amplified
by PCR using one of four following primer
combinations: NDrbcL2 and NDrbcL8 (Daugbjerg and
Andersen 1997), eustigrbcLR (5′-TTAAGTAATTGG 
TGCATTTGT-3′) and eustig-rbcLF (5′-GATCCRAT 
TGAAGCTGC-3′), NDrbcL2 and eustigrbcLR, and
eustigrbcLF and NDrbcL8. Polymerase chain reaction
conditions were as given in Fawley and Fawley (2007).
Sequencing was performed by the DNA Resource
Center at the University of Arkansas, Fayetteville,
using the same primers as those used for PCR. The
Staden Package (http://www.sanger.ac.uk/Software/
production/staden/) was used to process raw sequence
data and sequences were aligned with published
sequences from GenBank using GeneDoc V.2.6.02
(Nicholas et al. 1997) and MacClade 4.03 (Maddison
and Maddison 2000). Phylogenetic analyses were
carried out using PAUP* 4.0b10 (Swofford 2002).
GenBank accession numbers for all new sequences and
published Eustigmatophyceae sequences used in the
alignment and phylogenetic analyses are listed in Table
2. Representatives of the Synchromophyceae,
Chrysophyceae, Xanthophyceae, Aurearenophyceae
and Phaeophyceae (Table 2) were used as outgroups in
this study based on their close phylogenetic relation-
ship to the Eustigmatophyceae (Kai et al. 2008). The
alignment included 912 characters with 404 total
variable characters; 311 characters were parsimony
informative. Maximum parsimony analysis employed
a heuristic search with the tree bisection and
reconstruction branch-swapping method and 10
repetitions of random taxon addition. Neighbor-
joining analysis was performed with the HKY85 model
used to generate a distance matrix. PAUP* was used
to generate a matrix of total character differences.
Maximum parsimony and neighbor-joining analyses
were bootstrapped with 1000 replicates.
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Table 2. Accession numbers for new Eustigmatophyceae sequences
and sequence data retrieved from GenBank that were used in the
phylogenetic analysis.
Accession
Number Class
BogD 9/21 T-2d GQ405004 Eustigmatophyceae
Itas 9/21 S-8w GQ405009 Eustigmatophyceae
Mary 6/3 T-1w GQ405005 Eustigmatophyceae
Mary 8/18 T-2d GQ405011 Eustigmatophyceae
NDem 6/3 T-6w GQ405012 Eustigmatophyceae
NDem 6/3 T-9w GQ405013 Eustigmatophyceae
NDem 9/21 P-10w GQ405016 Eustigmatophyceae
NDem 9/21 T-17w GQ405018 Xanthophyceae
Pic 8/18 T-13w GQ405017 Eustigmatophyceae
Pic 9/21 T-1d GQ405014 Eustigmatophyceae
Tow 2/24 P-6d GQ405015 Eustigmatophyceae
Tow 8/18 T-4w GQ405008 Eustigmatophyceae
Tow 8/18 T-8w GQ405010 Eustigmatophyceae
WTwin 8/18 T-5d GQ405007 Eustigmatophyceae
WTwin 8/18 T-6d GQ405006 Eustigmatophyceae
Nannochloropsis limnetica EU165325 Eustigmatophyceae
N. oculata AB052286 Eustigmatophyceae
N. granulata AB052280 Eustigmatophyceae
N. oceanica AB052283 Eustigmatophyceae
N. maritima AY680702 Eustigmatophyceae
N. gaditana AB052735 Eustigmatophyceae
N. salina AB052287 Eustigmatophyceae
Eustigmatos magnus AB280615 Eustigmatophyceae
Synchroma grande DQ788731 Synchromophyceae
Chromulina nebulosa AF155876 Chrysophyceae
Botrydium stoloniferum AF064743 Xanthophyceae
Aurearena cruciata AB365193 Aurearenophyceae
Pilayella littoralis X55372 Phaeophyceae
Results
Fifteen isolates were used in this study. One of
these isolates, NDem 9/21 T-17w, was demonstrated to
belong to the Xanthophyceae rather than the
Eustigmatophyceae. Sequences from isolates NDem
6/3 T-6w, NDem 6/3 T-9w, Pic 9/21 T-1d, and Tow
2/24 P-6d were found to be identical; another
sequence, NDem 9/921 P-10w, was very similar to
these four sequences with only five substitutions. The
remaining sequences were highly diverse (Table 3).
Phylogenetic analyses support the Eustigmato-
phyceae as a monophyletic group (Fig. 1). Analyses
also show at least two distinct lineages within the
Eustigmatophyceae. One lineage is comprised only of
Figure 1. Phylogenetic analysis of rbcL sequence data from the
Eustigmatophyceae and selected outgroup taxa. The phylogram
shows 1 of 4 most parsimonious trees with 1270 steps. Bootstrap
percentages (1000 replicates) from Maximum Parsimony analysis
are followed by values from the Neighbor-Joining analysis. Only
percentages greater than 70 are shown.
our isolates. Our other isolates are allied With
Eustigmatos and representatives of the genus Nanno-
chloropsis in a second lineage, although monophyly of
this lineage is only weakly supported. All our isolates
are very similar to each other morphologically, with
nearly spherical green cells of various sizes (Fig. 2).
Discussion
The rbcL sequences of many of our isolates are
highly diverse, which indicates that there are probably
several new genera and species present among these
spherical isolates. For example, the sequence
differences among our isolates, except for the nearly
identical group NDem 6/3 T-6w, NDem 6/3 T-9w, Pic
9/21 T-1d, Tow 2/24 P-6d and NDem 9/21 P-10w,
always exceed 60 substitutions and are often much
greater. In contrast, within the fairly species rich genus
Nannochloropsis, the rbcL sequences of many of the
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Figure 2. Light micrographs of Eustigmatophyceae isolates; A)
BogD 9/21 T-2d, B) Mary 6/3 T-1w, C) WTwin 8/18 T-6d, D)
WTwin 8/18 T-5d, E) Mary8/18T-2d; F) Tow8/18T-4w, G)
Tow8/18T-8w, H) Itas9/21S-8w, I) NDem6/3 T-9w, J) Pic8/18T-
13w. Scale bars represent 10µm.
described species differ by fewer than 60 substitutions.
With this knowledge of diversity among these isolates,
we will be able to select individual isolates that
represent this diversity to screen for the production of
useful compounds such as hydrocarbons, lipids, and
fatty acids that may have uses in many applications.
Our analysis does not include Eustigmatophyceae
other than Eustigmatos and Nannochloropsis and
therefore we may have representatives of other named
taxa among our isolates. However, most additional
eustigmatophycean taxa that have been named are not
spherical (e.g. Pseudotetraëdriella, Pseudochara-
ciopsis, Pseudostaurastrum), or, if spherical or nearly
so, are known from soil rather than phytoplankton or
tychoplankton samples (e.g. Chloridella, Ellipsoidion,
Goniochloris, Monodopsis, Vischeria). These
observations support the idea that many of our isolates
are new taxa. Future sequencing efforts will include
named taxa available from culture collections as well
as additional loci that will allow us to describe new
taxa from among these isolates.
Phylogenetic analyses of rbcL data strongly
supported the monophyly of the Eustigmatophyceae.
Similar results have been seen using the 18S rDNA
sequences from other Eustigmatophyceae (Hegewald et
al. 2007). Within the Eustigmatophyceae, two major
lineages are present. The magnitude of the sequence
variation between the two major lineages (always more
than 100 and as many as 148 substitutions) suggests
that these lineages may represent different orders
within the class. This conclusion is supported by a
comparison of rbcL sequence variation among
different classes of stramenopiles that are closely
related to the Eustigmatophyceae. As examples, the
sequence of Aurearea cruciata (Aurearenophyceae)
differs from those of Botrydium stoloniferum
(Xanthophyceae) and Synchroma grande
(Synchromophyceae) by 119 and 164 substitutions,
respectively, for the studied region of rbcL. Thus, the
level of sequence variation between the two lineages
within the Eustigmatophyceae is similar to that seen in
comparisons of different classes of stramenopiles.
This result is significant because, in current
literature, Class Eustigmatophyceae contains only one
accepted order with five families (Hegewald et al.,
2007). However, our results are difficult to put into
context with current families, because rbcL sequence
data are not currently available from representative
species. Analysis of sequence data for the 18S rDNA
does not suggest two such divergent lineages among
the named Eustigmatophyceae that have been
examined (Hegewald et al. 2007). However, the genus
Pseudostaurastrum is highly divergent from other
Eustigmatophyceae in 18S analyses. Pseudostauras-
trum may prove to be a member of our new lineage
when the rbcL sequences of that genus are analyzed.
Conclusions
The genetic diversity among our collection of
simple, spherical Eustigmatophyceae is quite high.
The phylogenetic analyses suggest that these isolates
represent several new taxa. In addition, our results
indicate two possible orders within the
Eustigmatophyceae, whereas in the current taxonomy,
the class is limited to a single order. Additional studies
focused on obtaining rbcL from representative species
from the accepted families within Eustgmatophyceae,
more detailed phylogenetic analyses, and sequence
data from other loci are necessary to further clarify the
relationships between these isolates and other taxa.
Based on results from this study, we will select isolates
to examine for the production of interesting fatty acids
and hydrocarbons or for their potential use in
regenerative systems for extended space missions.
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Abstract
Land Use/Land Cover (LULC) classification data
have proven to be valuable assets for various
governmental agencies, park managers, and natural
resource managers. Traditional pixel-based
classification methods have difficulty with high-
resolution imagery, resulting in a “salt and pepper”
appearance. Newer object-based methods may prove
to be more accurate. This study compared an object-
based classification procedure utilizing Feature
Analyst© software with a traditional pixel-based
methodology (supervised classification) when applied
to medium-spatial resolution satellite imagery merged
with high-spatial resolution aerial imagery. This study
utilized two multi-spectral SPOT-5 satellite images,
leaf-on and leaf-off, merged with a color infrared aerial
image. Because of correlation between some of the
bands of the merged image, Principal Component
Analysis (PCA) was used to reduce redundancy in the
data. Field data was collected in the study area to
serve as a reference for the accuracy assessment. A
training set was produced by selecting and identifying
specific LULC class-types using 1-foot high-spatial
resolution aerial imagery. This training set was used
by both of the classification methods (supervised and
object-based) to identify the various cover types within
the study area. An accuracy assessment was performed
on each image utilizing error matrices, the Kappa
coefficient, and a two-tailed Z-test. Results indicate
that the overall accuracy of the object-based
classification was 82.0%, while the pixel-based
classification was 66.9%. A Kappa analysis and a two-
tailed Z test were calculated. These values indicated a
significant difference in the overall accuracies of the
classifications.
Introduction
Remotely sensed imagery, in the form of satellite
and aerial photography, has become an indispensable
tool in scientific research, with applications in
numerous fields of study. In a study by McRoberts and
Tomppo (2007) of national forest inventories in
Europe, they reported that remotely sensed data had
not only increased the speed, cost efficiency, precision,
and timeliness of forest inventories, but it had also
contributed to the development of maps of forest
attributes with spatial resolutions and accuracies that
had not been previously possible. Methods have been
developed for the mapping of large-scale forest cover
change (Fraser et al. 2005) and estimating the extent of
burned areas (Gitas et al. 2004). Likewise, new
analytical techniques have been developed for the
mapping of urbanization and urban sprawl (Xian and
Crane 2005). In the field of geology, maps have been
constructed to illustrate glaciated landscapes, eolian
and fluvial landscapes, mass wasting, and soil types
(Paine and Kiser 2003). Remote sensing also has been
applied to bathymetric mapping in oceanography
(Mishra et al. 2004) and to the locating of
archaeological sites in the rainforests of Central
America (Sever and Irwin 2003). Remote sensing can
be used to monitor the condition of park resources, to
assess the effectiveness of management practices and
restoration efforts, and to indicate areas most likely to
be threatened by encroachment. LULC monitoring can
provide a baseline reference to help delineate the
current limits of land cover types, can become
standards with which to compare future land cover
changes, can provide a basis for judging what
constitutes ecological threats or impairments, and can
help identify the need for corrective management
actions (DeBacker et al. 2005).
In the past, LULC maps have primarily been
created using a pixel-based analysis of remotely sensed
imagery. This procedure analyzes the spectral
properties of every pixel or picture element within the
area of interest. Originally designed for use with
coarse resolution imagery, numerous studies have
pointed out problems with the use of pixel-based
procedures when applied to high resolution imagery
(Chen et al. 2005, Whiteside and Ahmad 2005, Yang
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and Lo 2002). The pixel-based methodologies cannot
set a minimum mapping unit, resulting in an over-
classification of individual pixels. This lack of
aggregation of pixels results in a “salt and pepper”
appearance and data sets that can be difficult to process
and analyze.
For decades GIS specialists have theorized about
the possibility of developing a fully-automated
classification procedure that would be an improvement
over pixel-based procedures. With the advent of
satellites providing images with higher and higher
resolutions, the need for an improved procedure has
become a necessity. Within recent years, computer
software packages such as eCognition© and Feature
Analyst© have been developed utilizing object-based
classification procedures. These packages analyze
both the spectral and spatial/contextual properties of
pixels and use a segmentation process and iterative
learning algorithm to achieve a semi-automatic
classification procedure, which promises to be more
effective and more accurate than traditional pixel-
based methods.
Feature Analyst, which has been designed for use
with software such as ArcGIS, and ERDAS Imagine®,
may prove to be an outstanding tool in LULC mapping
(Visual Learning Systems, 2004). Developed by
Visual Learning Systems, Inc. in Missoula, Montana,
with funding from NASA and the Department of
Defense, Feature Analyst uses a machine-learning
algorithm to achieve automated feature extraction
(Visual Learning Systems, 2004). Once the software is
given user-specified examples, it utilizes “software
agent technology” which learns to identify features and
identifies its classification (Visual Learning Systems,
2004).
In a comparison with hand digitizing methods used
at the National Imagery and Mapping Agency (NIMA),
Feature Analyst reduced production time and achieved
more accurate and consistent results, while scoring
high marks with technicians as easy to learn and use
(O’Brien, 2003). In a study for the USDA Forest
Service Northern Regional Office, three methods of
change-detection analysis were performed on Landsat
Thematic Mapper (TM) imagery taken before and after
the western wildfires that occurred in the summer of
2000 (Redmond and Winne 2001). The three methods
employed were 1) temporal image differencing, 2)
principal component analysis, and 3) the hierarchal
learning technology of the Feature Analyst®. The
Feature Analyst distinguished between burn and non-
burn 100% of the time, while the other two methods
were only correct 89% of the time (Redmond and
Winne 2001). In all areas of the test, Feature Analyst
performed better than the other two methods and was
the easiest technique to use (Redmond and Winne
2001).
While relatively few studies using Feature Analyst
have been published, a parallel software package that
has been used in numerous research studies is
eCognition®. Developed by Definiens Imaging GmbH
of Germany, eCognition is object-based image
processing software that was released in 2000
(Flanders et al. 2003).
In a comparison of “traditional” pixel-based
procedures with the newer object-based methodology,
Whiteside and Ahmad (2005) found that the
eCognition object-oriented classification provided
better overall accuracy. Their study involved creating
a land cover map of a region of Litchfield National
Park, in the northwest of the Northern Territory of
Australia. They found that although pixel-based
classification was successful in classifying land cover
of a homogeneous nature, such as a closed forest,
object-oriented classification did a better job of
accurately identifying areas that were spectrally
heterogeneous (Whiteside and Ahmad 2005).
While Whiteside and Ahmad’s study dealt with a
natural landscape, another study conducted in Australia
focused on the object-based classification of an urban
landscape. Syed et al. (2005) compared pixel-based
methods with object-based methods in the
classification of land cover features in the town of
Mathoura in southern New South Wales. The study
area consisted of office buildings, storage sheds, silos,
vegetated areas, and open space (Syed et al. 2005).
Their results indicated that the object-based method
was more flexible and produced more accurate land
cover maps than were attainable using a pixel-based
classification (Syed et al. 2005).
The purpose of this project is to compare these
methodologies and determine if an object-based
analysis of merged medium-resolution, multi-temporal
satellite imagery and high-resolution digital aerial
imagery will produce a LULC map that is more
accurate than a supervised pixel-based analysis.
Materials and Methods
The area of interest for the project is located in and
around Hot Springs, in Garland County, Arkansas
(Figure 1). The study area includes Hot Springs
National Park, part of the city of Hot Springs, and
areas north and east of the city. Hot Springs National
Park is approximately 2,250 hectares, while the study
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Figure 1. Location of study area in Garland County, Arkansas, including Hot Springs National Park.
area is approximately 16,850 hectares. The National
Park lies on the northern edge of the city, adjacent to
streets and homes. The study area includes features
such as the city reservoir, the city landfill, golf courses,
county parks, and several rock quarries. The study
area is thought to include the recharge watershed for
the thermal springs (personal correspondence with
Steve Rudd, Hot Springs National Park geologist,
2008). While having some urban areas, the study area
is predominantly rural, consisting of fields and
pastures, pine plantations, and deciduous and mixed
forests. The pines are shortleaf (Pinus echinata) and
loblolly (Pinus taeda). The deciduous trees are oaks
(Quercus spp.) and hickories (Carya spp.). Hot
Springs is at the foothills of the Ouachita Mountains,
with elevations in the study area ranging from a
minimum of 107 meters to 433 meters above sea level.
The SPOT-5 imagery used in this project was
acquired from SPOT Image Corporation. Two SPOT-
5 images were used representing two seasonal periods
(winter and spring), each with different foliage
characteristics (leaf-on and leaf-off). The SPOT-5
leaf-off image was taken on 3 February 2007 with an
incident angle of 3.384. The SPOT-5 leaf-on image
was taken on 27 April 2007 with an incident angle of
10.2366. Both images contain four bandwidths of
spectral information: visible green (0.50-0.59 m),
visible red (0.61-0.68 m), near- infrared (0.79-0.89
m), and mid-infrared (1.58-1.75 m). Both images
were at 10-meter resolutions, with the mid-infrared
(MIR) band being resampled from 20-meters, and were
processed as Level 1B imagery (not orthorectified). A
true color (RGB) aerial image at 1-foot resolution and
a 1-meter color infrared (CIR) digital orthophoto
quadrangle (DOQ) (leaf-off) was acquired from the
State of Arkansas.
Color infrared aerial imagery of the study area at
1-foot resolution was acquired from Kingwood
Forestry Services. This imagery was captured 15 June
2007. The camera system used for the acquisition of
these photos was the Applanix DSSTM Model-301
System. In a study by Weih and Rowton (2007), this
camera system was shown to have a spatial accuracy of
less than 2 pixels. The 1-foot CIR aerial imagery,
along with the 1-foot RGB imagery flown by the State
of Arkansas, was used for photo interpretation of urban
areas to supplement the field data and for development
of the training data set used in both classification
procedures.
The SPOT-5 satellite imagery and the 1-meter CIR
DOQ aerial imagery were imported into ERDAS
Imagine and ground control points were located on
each image and used to orthorectify the image. The
two SPOT-5 images were resampled to 1-meter when
rectified to match the DOQ pixel resolution. Then the
3 image data sets were merged into an 11-band image.
The merging of these 3 image data sets was part of a
larger study that would evaluate the relative
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importance of each data set in conjunction with various
combinations of these images. While the merging of
SPOT-5 leaf-on and SPOT-5 leaf-off could improve
the identification of some classes, it might potentially
increase within-class variability to the point of having
a detrimental effect on the classification of other
classes.
Because some of the data in the bands of the
merged image were correlated, we used a Principal
Component Analysis (PCA) procedure in ERDAS
Imagine 9.1 to create a PCA image. PCA is a
mathematical procedure designed to reduce the size of
data sets by transforming data that may be correlated or
redundant. It transforms the data set based on the
characteristics that contribute most to the variance of
the data. The procedure places the greatest variance in
the first principal component and as much of the
remaining variance as possible is placed in each
succeeding component. The first 4 bands of the PCA
image accounted for 92.8% of the variance in the data
and were used in the classification procedures.
Field data, or ground-truthing, was conducted in
the study area in order to create a “test set” to be used
in the accuracy assessment of the two classifications.
This was done primarily in the rural and forested areas
of the study site. A 2-person team, using Trimble
GeoXH handheld GPS units, located the positions of
randomly selected points within the area of interest.
The following data was collected at each plot-point
location: 1) digital photos in the four cardinal
directions; 2) calculations of slope using a clinometer;
3) aspect (the direction of maximum slope) determined
with a compass; 4) calculation of tree basal area (BA)
with a 10x prism wedge; 5) identification of major and
minor tree/plant species based on BA; 6) a general
description of soil/ground cover conditions; and 7) a
LULC classification developed for this study similar to
an Anderson Level 2 classification system (Anderson
et al. 1976). The LULC classification codes for this
study were determined in conjunction with National
Park Service ecologists and remote sensing specialists
to produce a medium-level classification of the study
area. Photo interpretation of random points in urban
areas utilizing 1-foot aerial imagery was used to
supplement the field data.
A training data set was created by digitizing
polygons, which selected pixels representing each
LULC type in the area of interest. It was important to
sample pixels throughout the study area, as well as
pixels representing variation in cover types, such as
water bodies that were light and dark, deciduous and
conifers in rural and urban settings, etc. This training
data set would later be used by both classification
methods.
The object-based classification was accomplished
using Feature Analyst. This software uses inductive
learning algorithms to analyze the spatial context and
spectral signatures of pixel clusters or neighborhoods.
Some key concepts of Feature Analyst are: 1) it is an
intelligent software agent that uses a training set
provided by the technician to “learn” feature extraction
concepts; 2) the better the spatial and spectral
distribution of the training set, the better the
recognition of class features throughout the area of
interest; and 3) the technician can make adjustments
for clutter (false positives) and/or missed features
(false negatives) on-the-fly, leading to an iterative
learning process by which these errors are identified
and corrected (Visual Learning Systems 2004).
While pixel-based classifiers use only the spectral
signature of a pixel, Feature Analyst also makes use of
the spatial context around a pixel to aid in its
classification (Visual Learning System 2004). Feature
Analyst has numerous options for the selection of
window shape and size. For this classification, a
Manhattan (diamond) shape with a 13 pixel-width was
selected (Figure 2). This provided a window with a
total of 85 cells per band. This particular input
representation was selected because it had proven
effective in previous research (Weih and White 2008).
Feature Analyst also allows the user to set a minimum
mapping unit (MMU) before the classification is run so
that only areas having this specified aggregated area, as
well as certain spectral characteristics, will be
classified as a particular cover type. With a resampling
value of 4 and a minimum aggregate area of 22 pixels,
a MMU of 352 pixels or approximately 0.04 hectares
(0.1 acres) was established for all cover types. The
MMU was determined by the Heartland Monitoring
Program, a division of the National Park Service, as an
acceptable LULC scale.
Utilizing the training set, each cover type was
classified individually. The user can then select areas
identified as a particular cover type (water, urban,
conifer, etc.) as either correct or incorrect and then
rerun the classification process. The user repeats this
process until satisfied with the classification of that
cover type. Once the user is confident about the
classification of a cover type, Feature analyst can use
these areas as “masks” during subsequent identification
of other cover types. This can aid in reducing
confusion by excluding these areas from being
reclassified. After all the individual cover types were
identified, the Combine Features tool was used to
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produce a wall-to-wall classification. The road,
railroad, and stream features were not classified using
the imagery, but were later developed from GIS layers.
Figure 2. Input Representation (spatial pattern) of the object-based
classifier used to classify a single pixel (black square).
Pixel-based methodologies include both
unsupervised and supervised classifications. For this
comparison a supervised classification was used. The
supervised classification was created from the subset
PCA image utilizing the training data set produced in
ArcMap. Using ERDAS Imagine, signature files were
created and used to perform the supervised
classification of the Hot Springs study area. A
Maximum Likelihood Parametric Rule was selected for
the classification. The resulting classification
exhibited the “salt and pepper” appearance commonly
associated with pixel-based classifications. To reduce
this effect and aggregate cover types into patches
approximating the minimum mapping unit, the
“Clump” and “Eliminate” tools were used. As the
name implies, the “Clump” tool aggregates contiguous
groups of pixels into a single thematic class. After the
“Clump” tool is applied, the “Eliminate” tool was used
to identify any patches smaller than the minimum
mapping unit of 0.04 hectares (0.1 acres) and remove
these smaller areas by replacing their pixel value with
the value of nearby larger clumps.
An accuracy assessment was performed on each
classification to determine which produced the most
accurate identification of LULC. This was
accomplished utilizing the error matrix method
(Congalton and Green 1999, Enderle and Weih 2005).
The error matrix measures an overall accuracy for the
classification, as well as a producer’s and user’s
accuracy for each cover type. Producer’s accuracy
provides a measure of how well the analyst did when
classifying the reference data and its agreement with
the classification map. If the data is arranged such that
the reference/field data is in the columns and the
classification/map data is in the rows, then for each
row in the matrix, the proportion of correctly classified
pixels to the total number of pixels in the row, provides
a measure of the producer’s accuracy for the land cover
category represented by that row. User’s accuracy
provides a measure for the map user of the probability
that the pixels on the classification map are the same as
the reference data. This measure of accuracy can be
calculated for each column by comparing the
proportion of correctly classified pixels in the column
with the total number of pixels in the column and
expressed as a percentage. Overall Accuracy is equal
to the probability that any randomly selected pixel or
point is correctly classified by the map. This value is
determined by summing the major diagonal (from left
to right) of the error matrix, which represents the
correctly identified pixels of each cover type and
dividing it by the total number of pixels identified in
the data set.
Results and Discussion
The overall accuracy of the pixel-based
classification was 66.9%, while the overall accuracy of
the object-based classification was 82.0% (Table 1).
This object-based classification accuracy is similar to
the 87.8% overall accuracy that Weih and White
(2008) achieved for the Buffalo River Sub-Basin. The
Producer’s and User’s accuracies varied with LULC
type. The Producer’s accuracy for the pixel-based
classification varied from 29.7% to 94.7%, while the
Producer’s accuracy for the object-based classification
ranged from 50.0% to 91.2%. The User’s accuracy for
the pixel-based classification varied from 22.2% to
100.0%, while the User’s accuracy for the object-based
classification ranged from 50.0% to 100.0%.
Neither of the classification methods could
distinguish the Mixed Forest class very well. The low
User’s and Producer’s accuracies for this feature class
were due to confusion with the Deciduous and Confer
Forest classes. This is not too surprising as the Mixed
Forest class is a combination of the other two tree
types. The intention was to determine if in fact the
object-based method could reliably identify this feature
type separately. It should be mentioned that the
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removal of the Mixed Forest class would have
probably improved the accuracies of both the
Deciduous and Conifer classes.
Table 1. Producer’s and user’s accuracy by LULC.
Object-based Classification Pixel-based Classification
LULC
Producer’s
Accuracy
User’s
Accuracy
Producer’s
Accuracy
User’s
Accuracy
Urban 85.9% 85.9% 29.7% 70.4%
Roads 86.8% 94.3% 86.8% 94.3%
Railroads 83.3% 100.0% 83.3% 100.0%
Grassland 91.2% 83.8% 94.1% 86.5%
Deciduous 78.4% 87.2% 66.2% 76.6%
Conifer 90.7% 85.7% 73.3% 79.7%
Clearcut 82.4% 50.0% 82.4% 22.2%
Mixed 66.7% 55.8% 44.4% 36.4%
Water 89.5% 100.0% 94.7% 100.0%
Barren 50.0% 64.3% 72.2% 41.9%
Overall
Accuracy 82.0% 66.9%
The low User’s and Producer’s accuracies for the
Barren class, as well as the low User’s accuracy for the
Clearcut class, for both object-based and pixel-based
methods was probably due to two contributing factors.
Due to the small area they represented in the overall
study area, both Barren and Clearcut had a relatively
small number of field data points to use for the
accuracy assessment (18 and 17, respectively).
Subsequently, any misclassification of these data
points would have a substantial impact on the
accuracies of these features. The second factor was
classification confusion with features having similar
spectral values. With the object-based method, the
Barren class was misclassified as either Urban or
Grassland, while Clearcut was confused with
Deciduous and Barren. For the pixel-based method,
the Barren class was most often misclassified as Urban,
while the Clearcut class was confused with Urban and
Deciduous. This problem clearly points out that more
field data points were needed for the Barren and
Clearcut feature classes.
To determine if the values for the overall
accuracies were statistically significant, Kappa
coefficients were calculated for both methodologies
and a pair-wise Z test was calculated (Congalton and
Green 1999):
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Where po represents actual agreement, pc represents
“chance agreement”, and 1ˆ , 2ˆ represents the
Kappa coefficients for the object-based classification,
and pixel-based classifications, respectively. The
Kappa coefficient is a measure of the agreement
between observed and predicted values and whether
that agreement is by chance. A Kappa value generally
ranges from 0 to 1, with values closer to zero
indicating higher chance agreement. The Kappa
coefficients for the pixel-based and object-based
classifications were 0.61 and 0.78 respectively. Using
the Kappa values and their variances, a pair-wise Z test
was calculated. The Z-score (5.259) and p-value (<
0.0001) indicates a statistically significant difference
between the classification methods.
Table 2 illustrates the difference in the number of
features and percentage of the total area for each
Table 2. Number of features and area by LULC.
Object-based Classification Pixel-based Classification
LULC Number of
Features
Acres Hectares Percentage
of Area
Number of
Features
Acres Hectares Percentage
of Area
Urban 5999 2850.7 1153.0 6.8% 12660 1146.6 461.6 2.7%
Road 35 1312.9 531.3 3.2% 35 1312.9 531.3 3.2%
Railroad 2 41.7 16.9 0.1% 2 41.7 16.9 0.1%
Grassland 3242 2323.8 940.3 5.6% 4340 2248.7 910.0 5.4%
Deciduous 5338 17750.5 7183.0 42.6% 15762 16536.0 6690.0 39.7%
Conifer 5344 9805.4 3967.6 23.5% 10215 7676.9 3105.8 18.4%
Clearcut 853 1810.9 732.9 4.4% 12328 6328.5 2559.5 15.2%
Mixed 5420 4825.6 1952.6 11.6% 11537 5213.7 2108.9 12.5%
Stream 322 85.5 34.5 0.2% 382 85.6 34.5 0.2%
Water 156 181.6 73.4 0.4% 767 231.4 93.5 0.6%
Barren 3211 667.2 269.8 1.6% 3529 831.8 335.9 2.0%
Total 29922 41655.8 16855.3 100.0% 71557 41653.8 16847.9 100.0%
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LULC resulting from the two classification methods.
Because Feature Analyst allows the operator to set a
minimum mapping unit during the classification, the
object-based method produced a LULC with a total of
29,922 features. The supervised classification,
however, originally produced a LULC with a total of
1,270,060 features. After utilizing the Clump and
Eliminate filtering tools, the number of features was
reduced to 71,557. While this represents 2.4x as many
features as the object-based LULC, this was a
considerable improvement over the original 1.27
million features.
Even after filtering with the Clump and Eliminate
tools, the pixel-based classification suffered from an
“over-classification” of several of the cover types. The
clearcut cover type was clearly over-represented by the
pixel-based classification, with 15.19% of the total area
identified as this cover type compared to only 4.35%
identified as clearcut by the object-based classification
and this is reflected in the User’s accuracy. The
deciduous cover type also illustrates differences
between the two classification methods. While the
difference in percent of total area for the two
classifications is small (object = 42.62% vs. pixel =
39.71%), the object-based method only identified 5338
features as deciduous compared to the pixel-based
method, which identified 15,762 features as deciduous.
This represents 2.95x as many features.
This study indicates that an object-based
methodology utilizing Feature Analyst software can
produce an accurate LULC classification when applied
to medium-spatial, multi-spectral satellite imagery
merged with high-spatial resolution aerial imagery.
When compared with the overall accuracy of a pixel-
based (supervised) classification of the same imagery,
the object-based method was significantly more
accurate.
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Abstract
The development of bio-fuel synthesis
technologies has led to increased interest in woody
crops grown specifically for energy production. These
woody feedstocks typically involve fast-growing
species (e.g., Salix spp., Populus spp.) planted at high
densities using short rotations and intensive cultural
practices like weed control and fertilization. Under
ideal conditions, this type of system can produce 20
dry Mg/ha/yr, which is substantially higher than the
2.5-4 dry Mg/ha/yr produced by pine plantations in the
southern U.S.
Many of these plantings are projected to be
established on lower quality agricultural lands. Recent
attempts at establishing these plantations have
highlighted some of the challenges that landowners
will need to overcome to achieve levels of production
that are financially attractive. This paper will address
some of the pitfalls and hurdles that need to be
overcome before woody bio-fuel plantations will
become widespread.
Introduction
The U.S. reliance on foreign sources of petroleum
has increased every year since at least the 1980s.
Currently, the U.S. petroleum and petroleum product
imports account for over 60% of the total consumption
(EIA 2008). Rising political instability among several
of the major oil exporting countries coupled with a
diminishing supply of global oil reserves has prompted
the U.S. to re-evaluate the potential of developing
liquid fuels from non-petroleum sources. The
Advanced Energy Initiative proposed by President
Bush in 2006 outlined goals to reduce the U.S.
dependency on foreign oil. Since this initiative was
proposed, a more ambitious goal of replacing 30% of
the transportation fuel consumption by 2030 has been
proposed. Ethanol derived from corn will likely
replace less than 20 billion gallons. Ligno-cellulosic
sources are expected to account for a significant
amount of the remaining demand (Perlack et al. 2005).
These feedstocks will include agricultural residues
(e.g., corn stover), wood residues from manufacturing,
forest residues (e.g., slash) and dedicated woody crops.
The low-hanging fruits are wood residues from
manufacturing processes. However, much of the
“waste” materials from sawmills and pulp mills is
already being processed on site to generate electricity
or converted into other marketable products (e.g.,
wood pellets, chips). Agricultural and forest residue
feedstocks are abundant, but often regional.
Additionally, many have short-term availability
following harvesting, especially agricultural residues.
Forest slash and non-merchantable materials have been
explored as sources of feedstock (Earl 2006).
However, the scattered distribution, collection, storage
and transportation issues, as well as ecological
concerns over long-term productivity, may limit the
commercial availability of this feedstock.
Dedicated woody crops (i.e., short rotation
plantations) are expected to be important sources of
feedstock in the future for Arkansas (Potlatch
Corporation 2006). Short rotation tree plantations are
not new technology. These plantations have been
established in the southern U.S. since the 1960s, with
much of the early silvicultural and tree improvement
work attributed to scientists working at the Southern
Hardwoods Lab in Stoneville, MS (e.g., Krinard and
Johnson 1980, Mohn and Randall 1969). These
plantations have been developed using fast growing
hardwood species such as cottonwood (Populus
deltoides) and Populus hybrids, sweetgum
(Liquidambar styraciflua), and sycamore (Platanus
occidentalis), but have also included some trials using
several pine (Pinus spp.) species. Many of these early
efforts had limited success and relatively low yields
due to poor establishment procedures and inappropriate
species-site selections (Stanturf et al. 2004). When
appropriate species were selected, the limited
availability of genetically improved planting stock
constrained productivity.
Under ideal conditions, short rotation plantations
can produce exceptionally high yields. Some of the
highest yielding plantations using Populus, Salix, and
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exotic Eucalyptus produce over 20 dry Mg/ha/yr
(Perlack et al. 1995, Rockwood et al. 2006). These
high yields have raised grower expectations, and in
many cases, resulted in grower dissatisfaction when
yields fell short. Typical yields for short rotation bio-
energy plantations in the southern U.S. average
roughly 10-11 Mg/ha/yr (Wright 1994). However,
most bio-energy plantations far exceed the 2.5-4 dry
Mg/ha/yr yields generated by intensively managed
loblolly pine plantations in the South (Stanturf et al.
2003).
Despite the great potential productivity offered by
bio-energy plantations, numerous pitfalls will likely
keep many growers from achieving desirable yields.
Soil and Site Conditions
The majority of these plantations will likely occur
on marginal agricultural lands and pastures.
Establishment on cutover forestland will be limited due
to high site preparation costs. Site preparation is
probably the single most important factor in
determining plantation success. Abandoned
agriculture and pasturelands often have soil limitations
and established vegetation that are sometimes difficult,
and often expensive, to ameliorate and control.
In Arkansas, marginal crop and pasturelands are
usually characterized by poorly drained soil conditions
and reduced fertility, and contain root-restricting layers
(e.g., plow pans). Many of these lands were formerly
candidates for the Conservation Reserve Program and
Wetlands Reserve Program. Intensive soil
management practices using tillage and fertilization
treatments can reconcile many of these issues.
Subsoiling and/or deep disking can ameliorate root-
restricting layers, while repeated nutrient additions,
commonly nitrogen, reduce fertility limitations. Many
of these sites also have well-established competing
vegetation that will significantly reduce growth and
survival of any plantation. A sustained and integrated
effort must be made to control this existing vegetation
plus any subsequent germination. Some initial control
can be achieved during soil preparation (i.e., disking).
However, almost no long-term control is afforded by
soil preparation. A combination of pre- and post-
planting herbicide applications will usually be required
to achieve adequate vegetation control (Nelson 1985,
Zutter et al. 1987). While these practices are
commonplace in forestry and agriculture, they are
expensive. Cost-cutting at this step will likely reduce
survival and productivity. One of the most difficult
situations to overcome is the case where grass,
herbaceous and semi-woody vegetation is aggressively
competing with hardwood seedlings. Almost no
herbicide options exist that will control all of the
competing vegetation without harming the seedlings.
This underscores the importance of initial vegetation
control.
Species Selections and Planting Stock
The site and soil characteristics will dictate the
appropriate species. Guidelines for choosing a species
based on tolerances to flooding, soil depth, and soil
texture are available for many of the more commonly
grown plantation species (Baker and Broadfoot 1979,
Allen et al. 2001). Even so, many sites have a range of
soil and site conditions. For example, sites that have
not been leveled are not uniform, and often have
undulating topography. Under such circumstances,
more than one species may be needed to account for
micro-site differences with a site. Generally, species
that tolerate poorly drained conditions will also grow
reasonably well on better drained areas. The opposite,
however, is rarely true. With variable soil conditions,
the grower can (1) plant the entire area with species
that tolerate the most restrictive site condition, (2)
group similar areas into manageable sized blocks and
plant species that are best suited for the sites, (3) plant
just the most productive areas (usually the better
drained) and leave the remainder unplanted. Mixing
species within a site can improve diversity. However,
as a caution, individual species/clones usually grow
better and are easier to manage when planted in single
species/clone blocks. If species and/or clones are
mixed throughout an area, the manger must make sure
prescriptions are acceptable for all (e.g., herbicide and
fertilization rates).
Selecting the source and type of planting stock can
also be challenging. Some species have been included
in breeding/tree improvement programs, which has led
to improved genetic material. Unfortunately, most
nurseries will only have improved genotypes for pine
and cottonwood, and currently, sources for large
quantities of clonal cottonwood are limited in the
South. Hardwood seedlings sold by most nurseries are
“woods-run”, meaning non-improved genotypes. If
known, seedlings should be selected from sources that
have similar seed zones. Seed moved from north to
south generally leaf out later and are less susceptible to
frost than seed moved south to north (Schmidtling
2001). However, as a trade-off, southern sources
generally have higher growth rates.
Generally speaking, a grower should obtain the
best genotypes that he/she can afford. Additionally,
advancements in clonal propagation methods have
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resulted in improved availability of advanced
genotypes and the development of site-specific clonal
selections that are more refined than the species-site
guidelines mentioned above. Individual nurseries and
experienced growers will often assist potential buyers
in making selections. For cottonwood, clone
assessment trials have identified several best-
performing genotypes (e.g., S7C8, ST66, ST124) (ca.
Cooper and Ferguson 1979, Jeffreys 2006).
Other Events
Despite our best efforts, unplanned and unforeseen
events can cause significant reductions in productivity,
and even complete failure. Arkansas, like many areas
in the southern U.S., has recently experienced a range
of weather conditions that has affected tree plantations.
A late April frost in 2007 caused significant damage
throughout the state. Many trees had succulent foliage
and stems that were either killed or severely damaged.
Vigorous established trees were able to re-flush
without serious damages, except for a loss in fruit
production. Many young seedlings and unhealthy trees
that were unable to overcome a complete loss of
foliage subsequently died. Spring droughts have
delayed planting operations later into the spring than
desired. Summer droughts have resulted in numerous
plantation failures.
Droughty conditions during the growing season are
fairly common in Arkansas. Irrigation is rarely an
option, not to mention expensive. Good weed control
will reduce water loss by removing competing
vegetation. Tillage treatments can also improve water
availability by improving the rooting environment and
rooting depth. On the other extreme, flooding is also
common in Arkansas during the spring. It is almost
impossible to physically guard against the effects of
flooding. However, diversifying species selections by
putting the most flood tolerant species in areas most
susceptible to flooding will improve chances of
survival.
Pests are often not considered until after a problem
has manifested. A diligent monitoring program
coupled with a predesigned management plan will
minimize risks associated with pests. Common types
of pests are insect defoliators and borers, rodents, and
browsing animals.
Economic Considerations
One of the challenges associated with perennial
crops is that costs are compounded over the rotation.
Traditional forestry rotations can be 25-35 years for
pine and 40-70 years for hardwoods. Short rotation
bio-energy plantations, by contrast, are 5-10 years.
Despite the short period of investment, initial
establishment costs are often very high. There is a
concern that the need for cellulosic feedstocks will
compete with traditional forestry pulpwood markets
and drive their prices up due to increased demand.
This was one of the unintended consequences of the
ethanol boom, where the price of corn-derived
products skyrocketed. An objective of short rotation
bio-energy plantations is to produce biomass at a cost
that will be competitive with pulpwood (currently $8-
10/green metric ton), and therefore not necessarily
compete with the pulp and paper industry.
One production system that substantially reduces
the costs is the coppice system. This system uses
species that are capable of sprouting after harvesting,
thereby eliminating replant costs. Many hardwood
species have this capability, whereas most conifer
species do not. Table 1 describes the costs associated
with the initial establishment of a coppice system over
a five year rotation. Values were derived from local
sources (Eric Myers, AFC forester, pers. commun.) and
our experiences, but may not reflect costs throughout
the state. The costs compounded over five years
ranged from approximately $2,700 - 3,500/ha.
Table 2 illustrates the advantage of the coppice
system using values presented in Table 1 and the
importance of the cost of capital. Coppice systems can
have increased production for several harvests after the
first rotation, but the stools (stumps supporting the
sprouting stems) will eventually die and reduce overall
production. For the sake of simplicity, we have elected
to model an average productivity of 22 Mg/ha/yr (~10
dry Mg/ha/yr) over five 5-year rotations. The 1.5 x 1.5
m spacing used for these calculations represents a
spacing that will allow the trees to quickly capture a
site, which is key for short rotations, and also aid weed
control efforts by suppressing competing vegetation.
Also, fertilization and herbicide treatments were
included after each coppice cycle.
The data show that the short rotation coppice
system can provide a woody feedstock product at a
cost that is comparable to pulpwood prices. One
metric ton (equivalent to 1 Mg) of biomass can be
produced under our scenario after three coppice
rotations using a low guiding rate of return. Short
rotation grown biomass can be produced at pulpwood
prices after four rotations across the guiding rates
tested.
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Table 1. Estimated costs for establishing a short rotation bio-energy plantation at 1.5 x 1.5 m spacing.
Future Value ($ after 5 yr)
Project Year Activity Cash Flow ($/ha) 4% 6% 8% 10%
0 Ripping 99 121 133 146 158
0 Pre-planting herbicide 99 121 133 146 158
0
Seedling ($0.25/tree) +
Planting ($0.10/tree) 1507 1833 2016 2214 2427
0 Post-planting herbicide 173 210 232 255 279
1 Weed control 173 203 217 235 252
1 Fertilizer 161 114 203 217 235
2 0 0 0 0
3 0 0 0 0
4 0 0 0 0
5 0 0 0 0
Total Cost ($) 2,602 2,934 3,213 3,509
Table 2. Estimated costs (US$) for producing 1 metric ton of biomass grown on 1 to 5-five yr coppice rotations for
various guiding rates of return.
Guiding Rate of Return
No. of Coppice
Rotations 4% 6% 8% 10%
5 6.90 7.50 8.41 8.82
4 7.82 8.51 9.25 10.04
3 9.36 10.21 11.11 12.09
2 12.43 13.59 14.84 16.17
1 21.65 23.75 26.01 28.43
* Assumes yields equivalent to 22 green Mg/ha/yr
Summary
Given the current low conversion efficiencies of
corn and other crops, the limited acreage of agricultural
land, and the limited availability of other sources of
feedstock, short rotation bio-energy plantations are
expected to increase in the future. Compared to our
existing fast growing pine plantations, the production
potential of certain species and clones grown using
short rotation culture techniques is impressive.
However, these systems require significant investments
and are riddled with pitfalls that can make these
investments unprofitable. Careful attention to site and
soil characteristics, species selections, and intensive
vegetation control will increase the probability of
success. Fast-growing plantations grown under
intensive culture and using well-tested genotypes can
provide a cellulosic feedstock at prices that are
comparable or more favorable than pulpwood prices.
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Abstract
Recent collections and additional records of
Collembola from caves in Arkansas are reported.
Based on these collections and review of the literature,
35 collembolan species are known from Arkansas
caves. Included in this group are 10 troglobiotic, or
cave-limited, species: Lethemurus missus,
Pygmarrhopalites buffaloensis, Pygmarrhopalites
clarus, Pygmarrhopalites dubius, Pygmarrhopalites
youngsteadtii, Pseudosinella dubia, Pseudosinella
testa, Sinella barri, Sinella cavernarum, and
Typhlogastrura fousheensis. Three of these species,
Py. buffaloensis, Py. youngsteadtii, T. fousheensis, are
endemic to Arkansas, while Ps. dubia is known only
from the Ozark Plateaus Ecoregion. The remaining
species are more widespread. Lethemurus missus, Ps.
georgia, Ps. testa, and S. cavernarum are reported for
the first time in Arkansas. On the basis of this
information, revisions to the current rarity rankings for
collembolan species classified as troglobionts are
recommended.
Introduction
Perhaps the earliest collections of Collembola
(springtails) from Arkansas caves were those collected
by T.C. Barr in 1958. Those specimens contributed to
the description of Pseudosinella dubia and
Pygmarrhopalites (as Arrhopalites) clarus, while
giving the first Arkansas cave records for
Pseudosinella argentea and Pygmarrhopalites (as
Arrhopalites) pygmaeus (Christiansen 1960a,
Christiansen 1966). At that time, Ps. dubia was known
from a few caves in Washington County, while Py.
clarus was reported from caves in both Arkansas and
Missouri. The species Ps. argentea and Py. pygmaeus
were more widespread and included non-cave records
from other states (Christiansen 1960a, Christiansen
1966). McDaniel and Smith (1976) reported the first
Arkansas cave records for Sinella barri, Folsomia
candida, and Neanura barberi, and added new cave
locations across several counties for Ps. argentea, Py.
(as Arrhopalites) clarus, and Py. (as Arrhopalites)
pygmaeus. Nearly twenty years after Barr’s
collections, Peck and Peck (1982) revisited one
location for Ps. dubia, Devils Den Cave, and
reconfirmed its presence there. Also from this cave,
they reported Folsomia candida, and the first Arkansas
cave records for Deuteraphorura pseudofimetaria (as
Onychiurus pseudofimetarius) and Tullbergia
tullbergia iowensis. The same year Dunivan et al.
(1982) reported Sinella barri from a cave in Randolph
County, adding a second county to the Arkansas
portion of its range (Christiansen 1960b).
More recently, Christiansen and Bellinger (1998)
reported county occurrences in Boone, Clay, Newton,
Randolph, Searcy, Stone, and Washington for cave
populations of Ps. argentea, and added a third county
for S. barri. Graening et al. (2006) summarized cave
faunal inventories conducted within the Buffalo
National River and reported collembolan records for
Deuteraphorura pseudofimetaria (as Onychiurus
pseudofimetarius), Folsomia novalis, Hypogastrura
antra, Isotoma notabilis, Pogonognathellus (as
Tomocerus) flavescens, Proisotoma ballistura antigua,
Pseudosinella aera, Ps. argentea, Pseudosinella
collina, Pseudosinella folsomi, Pseudosinella violenta,
Py. (as Arrhopalites) clarus, Py. (as Arrhopalites)
pygmaeus, Ptenothrix ptenothrix marmorata,
Smithurides hyogramme, and Tomocerina lamellifera
(as Tomocerus lamelliferus). In the same year, the
species, Typhlogastrura fousheensis, was described
from Foushee Cave, Independence County
(Christiansen and Wang 2006). Finally, Zeppelini et
al. (2009) described Pygmarrhopalites buffaloensis and
Pygmarrhopalites youngsteadtii from individual caves
in Newton County, added new cave records for Py.
pygmaeus, and reported the first Arkansas cave record
for Pygmarrhopalites dubius.
Over the past 6 years, a consortium of researchers,
land managers, and agency personnel have conducted
faunal inventories in Arkansas caves under an umbrella
project called the Ozark Subterranean Biodiversity
Project, and some of these inventories included
collections of collembolans. The purpose of this study
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is to report these new springtail records, summarize
Arkansas distributions for those species known
typically from caves (troglobionts), and revise current
rarity rankings of these troglobionts for future use in
conservation planning.
Materials and Methods
A review of the literature was conducted, and a
request for information was sent to Kenneth
Christiansen in 2003 for Arkansas cave records listed
in a Collembola Database maintained at Grinnell
College. These records are not included in the results
because they are publically available online
(http://web.grinnell.edu/courses/bio/collembola/mainta
ble_menu.asp). All troglobiotic (or cave limited)
species records from the Collembola Database,
literature records, and recent collections were used to
update rarity rankings. Field collections were made
from 2001 to 2006. Most often, specimens were hand
collected during visual inspection of woody debris,
animal feces, or other organic material. Occasionally,
specimens were extracted from organic material using
a Berlese funnel. Collections were identified by one of
three collembolan taxonomists: Kenneth Christiansen
(Grinnel College, Iowa), Joseph Reznik (University of
Vermont, Vermont), or Jeffery Batigelli (Earthwork
Research Group, Alberta, Canada). An asterisk (*) by
the species name indicates the species is a troglobiont.
A “troglobiont” is a species that is only known from
subterranean environments such as caves, and the use
of this term is preferred instead of the word
“troglobite” (Sket 2008).
Results
Twenty species of Collembola in 7 families were
collected during field surveys, and these records are
reported herein.
Family Arrhopalitidae Stach
*Pygmarrhopalites clarus – Baxter County: Bonanza
Cave, 07-October-2002, G. Graening, S. McGinnis, D.
Kampwerth; Benton County: Rootville Cave, 01-July-
2002, D. Kampwerth, V. Brahana; Boone County: Big
Hole Cave, 10-November-2001, M. Slay, M.
Covington, C. Brickey; Carroll County: Huckleberry
Point Cave, 18-September-2002, B. Wagner;
Independence County: Cave Spring Cave, 05-October-
2002, G. Graening, S. McGinnis, H. Bryant, C.
Blevins; Madison County: Whipporwill Cave, 10-
October-2000, M. Slay, D. VanLuewen; Womack
Spring Cave, 13-August-2000, S. Longing, G.
Graening; Wounded Knee Cave, 27-May-2001, G.
Graening, C. Brickey; Pope County: Sunk Bluff Cave,
19-February-2003, D. Kampwerth; Sharp County:
Eckel Cave, 22-November-2002, G. Graening, D.
Fenolio; Stone County: Rowland Cave, 12-June-2001,
G. Graening, C. Brickey, J. Disler; Washington
County: Granny Deen Cave, 28-January-2003, G.
Graening, T. Snell, P. Shurgar, Z. Moon; Snyder Cave,
16-September-2001, M. Slay, R. Honebrink, B. Potter.
Pygmarrhopalites pygmaeus – Boone County: Big
Hole Cave, 10-November-2001, M. Slay, M.
Covington, C. Brickey; Independence County: Foushee
Cave, 01-March-2005, Norman Youngsteadt, Jean
Youngsteadt; Madison County: Whipporwill Cave, 12-
May-2001, M. Slay, C. Brickey.
Pygmarrhopalites whitesidei – Newton County:
Tweet’s Cave, 26-October-2001, M. Slay, M.
Covington.
Family Entomobryidae Schäffer
Coecobrya tenebricosa – Benton: Logan Cave, 22-
Janurary-2003, G. Graening, M. Slay, D. Kampwerth;
Old Pendergrass Cave, 22-October-2001, G. Graening,
G. Graening; Pope County: Sunk Bluff Cave, 19-
February-2003, D. Kampwerth.
Pseudosinella argentea – Independence County:
Foushee Cave, 01-March-2005, Norman Youngsteadt,
Jean Youngsteadt.
Pseudosinella folsomi – Washington County: Fincher
Cave, 07-July-2001, G. Graening, J. Gunter, A.
Gunter; Snyder Cave, 16-September-2001, M. Slay, R.
Honebrink, B. Potter.
Pseudosinella georgia – Washington County: Fincher
Cave, 07-July-2001, G. Graening, J. Gunter, A. Gunter.
*Pseudosinella testa – Washington County: Fincher
Cave, 07-July-2001, G. Graening, J. Gunter, A.
Gunter; Snyder Cave, 16-September-2001, M. Slay, R.
Honebrink, B. Potter.
Pseudosinella violenta – Boone County: Big Hole
Cave, 10-November-2001, M. Slay, M. Covington, C.
Brickey; Marion County: Marble Falls Cave, 07-
September-2001, G. Graening, M. Slay; Searcy
M.E. Slay and G.O. Graening
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County: Cyner Cave, 24-October-2002, D.
Kampwerth, R. Schroeder, S. Martinez, S. Lowrance;
Washington County: Granny Deen Cave, 28-January-
2003, G. Graening, T. Snell, P. Shurgar, Z. Moon.
*Sinella cavernarum – Independence County: Cave
Spring Cave, 05-October-2002, G. Graening, S.
McGinnis, H. Bryant, C. Blevins.
Family Isotomidae Schäffer
Folsomia candida – Stone County: Gustafson Cave,
06-October-2001, G. Graening, S. McGinnis, C.
Brickey.
Folsomia fimetaria – Benton County: Old Pendergrass
Cave, 22-October- 2001, G. Graening, M. Slay; Boone
County: Big Hole Cave, 10-November-2001, M. Slay,
M. Covington, C. Brickey; Stone County: Herald
Hollow Cave, 23-March-2001, G. Graening, M. Slay.
Isotoma notabilis – Independence County: Foushee
Cave, 01-March-2005, N. Youngsteadt, J.
Youngsteadt.
Proisotoma dubia – Boone County: Big Hole Cave,
10-November-2001, M. Slay, M. Covington, C.
Brickey.
Family Neanuridae Börner
Neanura serrata – Boone County: Big Hole Cave, 10-
November-2001, M. Slay, M. Covington, C. Brickey.
Family Neelidae Folsom
Neelus minumus – Boone County: Big Hole Cave, 10-
November-2001, M. Slay, M. Covington, C. Brickey.
Family Sminthurididae Börner
Sminthurides plicatus – Boone County: Big Hole Cave,
10-November-2001, M. Slay, M. Covington, C.
Brickey.
Family Tomoceridae Schäffer
*Lethemurus missus – Stone County: Janus Pit, 01-
February-2003, G. Graening, M. Slay, D. Kampwerth,
E. Corfey.
Pogonognathellus bidentatus – Independence County:
Cave Spring Cave, 05-October-2002, G. Graening, S.
McGinnis, H. Bryant, C. Blevins; Stone County:
Gustafson Cave, 06-October-2002, G. Graening, S.
McGinnis, C. Brickey.
Pogonognathellus flavescens – Boone County: Big
Hole Cave, 10-November-2001, M. Slay, M.
Covington, C. Brickey; Madison County: Triple Cave,
01-January-2000, G. Graening; Wounded Knee Cave,
27-May-2001, G. Graening, C. Brickey; Marion
County: Brown Cave, 16-November-2001, G.
Graening, B. Sasse; Newton County: Hurricane River
Cave, 15-January-2006, W. Baker; Stone County:
Biology Cave, 17-September-2000, D. Fenolio, C.
Brickey, S. Longing; Herald Hollow Cave, 23-March-
2001, G. Graening, M. Slay.
Discussion
A total of 35 collembolan species are known from
Arkansas caves. Pseudosinella georgia, Ps. testa, S.
cavernarum, and L. missus are reported for the first
time in Arkansas. Of the total species, 10 are
considered troglobionts and are listed in Table 1. The
most common troglobiotic springtail in Arkansas is Py.
clarus with populations occurring in 13 counties.
Pseudosinella dubia is still known from just 4 caves in
Washington County, Arkansas, but it was also
identified by K. Christiansen from a cave in Dent
County, Missouri from specimens collected by Gardner
(1986). The rarest troglobionts are the recently
described Py. buffaloensis, Py. youngsteadtii, and T.
fousheensis; each endemic to its type locality
(Christiansen and Wang 2006, Zeppelini et al. 2009).
Given the greater U.S. distributions for S. barri, S.
cavernarum, and L. missus, future species inventory is
likely to identify other Arkansas cave populations.
Based on our current understanding of the
distribution of troglobiotic collembola in Arkansas,
new rarity rankings are suggested for the national
Natural Heritage Program. Existing rankings and
recommended revisions are included in Table 1. Of
continuing special concern are T. fousheensis, Ps.
dubia, Ps. testa, and the recently described Py.
buffaloensis and Py. youngsteadtii. Conversely, Py.
clarus is now known from enough Arkansas sites to
warrant upgrading to a less imperiled status in the
state.
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Table 1. Distribution of troglobiotic collembola reported from Arkansas caves and updated rarity rankings at the Global (G-rank) and
Subnational/State (S-rank) levels. A rank of 1 indicates the species is critically imperiled and a rank of 5 indicates the species in demonstrably
widespread and secure. The reader is referred to NatureServe (2009) for a complete explanation of the ranking system and access to the national
database.
Species
Number
of AR
caves
AR County
Distribution
State
Distribution*
Current
G-rank
New
G-rank
Current
S-rank
New
S-rank
Lethemurus
missus
1 Stone AR, CO, IL,
IN, KY, MO,
TN
G4 no
change
not
ranked
S1
Py. buffaloensis 1 Newton AR not
ranked
G1 not
ranked
S1
Py. clarus 26 Baxter, Benton, Boone,
Carroll, Independence,
Madison, Marion,
Newton, Pope, Searcy,
Sharp, Stone,
Washington
AR, MO, SD,
VA, WA, WI,
WV
G4 no
change
S1 S3
Py. dubius 1 Newton AR, IA, MN G2G3 no
change
not
ranked
S1
Py.
youngsteadtii
1 Newton AR not
ranked
G1 not
ranked
S1
Pseudosinella
dubia
4 Washington AR, MO G1G2 no
change
not
ranked
S1
Pseudosinella
testa
2 Washington AR, WV G2G3 no
change
not
ranked
S1
Sinella barri 7 Izard, Lawrence,
Randolph, Stone
AL, AR, IL,
IN, KY, MD,
MO, TN, VA,
WI
G5 no
change
not
ranked
S1S2
Sinella
cavernarum
1 Independence AR, IL, IN,
KY, MD,
MO, OH,
PA, TN, VA
G5 no
change
not
ranked
S1
Typhlogastrura
fousheensis
1 Independence AR not
ranked
G1 not
ranked
S1
* U.S. state distributions were determined using NatureServe (2009) and Karst Waters Institute (2003).
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Abstract
Since its development in the early 1970s, Global
Positioning System (GPS) technology has become
more accessible and affordable for consumers. GPS
applications have become ubiquitous in society. With
the increased use of GPS, the question of accuracy is of
concern. This study assessed the accuracy of four
Garmin recreational GPS receivers, eTrex®, eTrex
Legend®, eTrex Vista®, GPSMAP® 76CS, and three
Trimble® mapping GPS receivers JunoTM,
GeoExplorer3TM and GeoXHTM. Thirty-three ground
control points (GCPs) were established in three
different landscapes using survey grade GPS
(Trimble’s 4700) that were corrected using National
Geodetic Survey’s Online Positioning User Service
(OPUS). Eleven GCPs were established in a forest
landscape, eleven near buildings to simulate an urban
landscape, and eleven with a clear unobstructed sky.
The GPS receivers were tested with the Wide Angle
Augmentation System (WAAS) on and off. In
addition, results from averaging 30 GPS positions were
evaluated. This study showed the GeoXH was the
most accurate receiver and that the accuracy of the
recreational (Garmin) receivers was from 2.52 to 18.42
meters depending on the landscape. The accuracies of
the Garmin GPS receivers were similar.
Introduction
The Global Positioning System (GPS), developed
by the United States Department of Defense was
started in 1972. The first satellite was placed into orbit
in 1978. President Ronald Reagan declared in 1983
that the GPS system would be made available to the
public once it was operational (US Commerce
Department 2006). By 1985, there were eleven Block-
1 satellites in orbit so that the system could be
validated. By 1994, there was a full constellation of 24
satellites in orbit and the system reached full
operational status in April 1995. Since the inception of
the system, the uses for GPS have exploded in the
marketplace, with applications in nearly every sector.
It is no longer just for military and aviation but also
used by the average consumers and business
professionals.
Many errors should be examined when working
with GPS data. There are three categories of GPS
error: the space segment, ground control segment, and
the GPS user segment (Sickle 2008). Space segment
location errors are caused by satellite clock instability,
satellite perturbations, and thermal radiation. Control
segment errors are ephemeris data predictions and
controlling satellite thruster performance. User
segment errors are Ionosphere delay, Troposphere
delays, receiver noise, and multipath. All of these
errors affect GPS location accuracies and precision.
One of the errors that can be reduced by the user is
multipathing when collecting GPS data. Multipathing
is the scattering of GPS signal from the satellite to the
receiver. According to Jan Van Sickle (2008),
multipathing occurs when part of the signal reaches the
receiver after reflecting from the ground, a building, or
another object. There are several ways to correct these
errors.
In August 1995, the Federal Aviation
Administration (FAA) set out to have a real-time
correction system built for GPS for aviation
navigation. It was not until July 10, 2003 that the FAA
commissioned the Wide Area Augmentation System
(WAAS) for use. WAAS works from a network of
twenty-five ground reference stations in North
America and Hawaii which uploads real-time
corrections to geostationary satellites. The satellites
broadcast the correction to GPS receivers and correct
the data as it is recorded. The purpose of WAAS was
so that aircraft could rely on GPS navigation. This
system not only works with aircraft but with any
WAAS enabled GPS receiver. WAAS provides a
method to improve accuracy using real time
differential correction. However it is still not as
accurate as post-process differential correction because
of the time delay in receiving the correction data from
the WAAS satellites.
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Post-process differential GPS correction (DGPS) is
another option for correcting GPS data. For most
mapping applications this process is done after data
collection, commonly known as post-processing. Post-
processing software uses the data collected from the
field GPS then computes a baseline with a fixed base
station that is near to the field collection site.
Essentially this method analyzes the data received at
the base station and the correction needed to correct the
known base station coordinates and applies the same
correction to the field GPS data. Not all GPS receivers
have this capability.
Materials and Methods
Thirty-three ground control points (GCPs) were
established on the University of Arkansas at
Monticello (UAM) campus to test the seven different
GPS receivers (Figure 1). All the GPS receivers can
track 12 satellites and only the GPS internal antennas
were used in the study. Of the thirty-three GCPs,
eleven were in a clear unobstructed sky, eleven next to
buildings, and eleven under tree canopy. Figure 2
shows the project area on the UAM campus. The GCPs
next to buildings and under tree cover were established
to force multipathing and satellite signal loss to
understand the performance of the receivers for these
landscapes.
Figure 1. The seven GPS receivers tested in this study were
Trimble GeoXH, Trimble GeoExplorer3, Trimble Juno, Garmin
GPSMAP 76CS, Garmin eTrex Vista, Garmin eTrex Legend,
Garmin eTrex (left to right with their cost shown below).
The GCPs were established using Trimble’s 4700
survey grade GPS receiver and corrected using the
National Geodetic Survey’s (NGS) Online User
Positioning Service (OPUS). Each GCP was occupied
for more than 2 hours. According to the National
Geodetic Survey’s website, “OPUS allows users to
submit their GPS data files to NGS, where the data will
Figure 2. Project area on the University of Arkansas at Monticello
campus with the 33 Ground Control Points displayed.
be processed to determine a position using NGS
computers and software. Each data file that is
submitted will be processed with respect to three
CORS sites. The sites selected may not be the nearest
to your site but are selected by distance, number of
observations, site stability, etc. The position for your
data will be reported back to you via email in both
ITRF and NAD83 coordinates as well as UTM, USNG
and State Plane Coordinates (SPC) northing and
easting” (http://www.ngs.noaa.gov/). The results from
NGS also included information on the Root Mean
Square Error (RMSE) for each GCP and its corrected
geographic location. The overall OPUS corrected
GCPs’ RMSE ranged from 0.011 to 0.033 meters with
a mean of 0.017 meters in the horizontal direction.
For some of the buildings and the entire set of tree
GCPs, the multipathing and satellite signal interference
was too large for the survey grade GPS to establish a
reliable location. This was determined by the survey-
grade GPS receiver software. To establish those GCPs
the position was calculated using a Topcon total survey
station from a known location using standard surveying
practices. Figure 3 shows an example of a building
GCP (#B001) that was calculated using this method.
After establishing the GCPs, point data at each of
the GCPs was collected with each of the receivers. At
each location with each unit, single point was collected
with WAAS on, WAAS off, and an average of thirty
points with WAAS on was collected. The receivers
collected data at the same time so Positional Dilution
of Precision (PDOP) values would be similar, to
$5,295 $2,995 $600 $345 $215 $160 $106
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Figure 3. Ground Control Point B001 (Urban landscape).
control errors caused by different PDOPs during a
session. PDOP is a measure of the geometrical
strength of the GPS satellite configuration, which
could increase error as the number increases. The only
exception to that was the Trimble GeoExplorer3,
which does not have WAAS capability. This was
repeated for five samples at each of the 33 ground
control points with all seven receivers totaling more
than 35,000 individual points. Each session was at least
twenty-four hours apart to have completely different
satellite geometry for each series of the five samples to
simulate user data collection. For each data recording
session all possible sources of error were controlled
(similar) for all the GPS receivers.
Following the fieldwork, Trimble Pathfinder
Office was used to post process the mapping grade
receivers, the Juno, GeoXH and GeoExplorer3. For
the Garmin receivers the GPS data was exported to an
ESRI shapefile using a free program called DNR
Garmin. DNR Garmin was developed by the
Minnesota Department of Natural Resources (DNR)
(http://www.dnr.state.mn.us). The Garmin receivers
could not be differentially corrected. The difference
between each point’s x and y position from the GCP
location, which was assumed to be the true location for
that point, was calculated. Basic descriptive statistics
were calculated for the five sessions. From those
calculations, a comparative analysis for the receivers
by landscape and data collection method was done.
Results and Discussion
The study showed there is an advantage of being
able to differentially correct GPS data. It can increase
accuracy substantially when using a mapping grade
receiver (Trimble GeoXH, Trimble GeoExplorer3, and
Trimble Juno). With that being said, of the receivers in
this study, the GeoExplorer3 had the most difficulty
obtaining the minimum four satellites required for a
position.
Using a recreational grade GPS unit with clear,
unobstructed skies, users can expect 2.52 to 5.52
meters accuracy. Wing et al. (2005) also found position
accuracies to be within 5 meters with recreational GPS
receivers. For the same receivers under an obstructed
sky, near buildings or under tree canopy, accuracy
decreased to 10.50 to 18.42 meters in this study (See
Table 1).
Table 1. The average RMSE in meters for the recreation GPS
receivers used in this study.
GPS Receiver Open Building Tree Canopy
Average 30 3.83 12.05 14.22
WAAS Off 2.52 16.03 13.23
WAAS On 5.52 10.50 18.42
Average 3.95 12.86 15.29
Several problems were encountered during this
study. One problem encountered was with the
GeoExplorer3. This GPS unit would not receive
satellite signals for any of the GCP locations under tree
canopy. In addition, it was difficult to receive signals
for some of the GCPs near buildings.
Also, once the differences were calculated between
the GPS receiver and GCP for given points, the authors
discovered that one of our GCPs was not accurate.
GCP C003’s OPUS solution was not correct. The
reason for the incorrect position is not known. For this
reason we eliminated all C003 data.
Another problem was with the eTrex Legend. It is
not reflected in our analyses, but there was one day
during data collection under the tree canopy that the
Legend collected several bad positions. The locations
it collected were hundreds of kilometers away.
Through this research, the authors became very
familiar with the functionality and use of the seven
GPS receivers tested. The use of the eTrex was more
difficult than the other Garmin receivers when it came
to naming points and switching between windows. As
far as functionality, the Garmin eTrex Legend, eTrex
LATITUDE: 33.589793
LONGITUDE: -91.810944
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Vista, and 76cs were much more user friendly. Garmin
(http://www.garmin.com/garmin/cms/site/us) lists a
complete set of functions.
If a user is interested in collecting extra attribute
data, then a mapping grade GPS receiver such as the
Trimble Juno, GeoXH or GeoExplorer3 should be
used. The touch screen control of the Juno and GeoXH
made attribute entry and data collection fast and
efficient.
After examining the data, a good correlation could
not be determined between using WAAS and not using
WAAS correction with the recreational grade
receivers. The recreational receivers do not allow you
to view when WAAS is being received. The receivers
allow you to turn WAAS on or off under the systems
setting; however, turning the capability on does not
mean that the receiver can receive the signal from one
of the WAAS satellites. Considering that there are only
two geostationary WAAS satellites (FAA.gov), one on
the East coast and one on the West coast of the United
States, it is possible to have an obstruction such as
building or tree canopy between the receiver and the
satellite, causing the receiver not to receive a signal
from the geostationary WAAS satellite. This made the
comparisons of the recreational GPS (Garmin
GPSMAP 76CS, Garmin eTrex Vista, Garmin eTrex
Legend, Garmin eTrex) WAAS ON data questionable.
Being able to see the status of the WAAS signal is
an advantage of the Juno and GeoXH, as it allows the
user to know whether or not they are presently
receiving real-time corrections.
In today’s GPS market, more and more receivers
come equipped to receive WAAS corrections;
however, few receivers have the capability to average
locations within the unit. For this study the averaging
in the eTrex class receivers (eTrex, eTrex Legend,
eTrex Vista) was done by collecting thirty individual
WAAS positions for each GCP and averaging their
coordinates in the processing phase. The Garmin 76CS
is the only recreational grade unit tested that had an
averaging feature within the unit.
On average, differential correction of the GeoXH
improved the data collected by approximately 0.5
meter for all points in the study. With WAAS OFF,
DGPS improved the data by approximately 0.9 meter,
while averaged and WAAS on point locations
improved by 0.3 meter. The GeoXH’s average RMSE
for all points collected was less than 3 meters. For the
points that were in a clear landscape setting, the
average RMSE was observed to be less than 2 meters.
But by differentially correcting these same clear
points the RMSE improved to less than a meter.
According to our study, the GeoXH produced sub-
meter accuracy when data is collected in an open
landscape and differentially corrected. The
GeoExplorer3 did poorly in most landscapes and could
not record data under a tree canopy (Table 2). The data
collected with the Juno was more accurate than the
Garmin GPS receivers in most situations, especially
when the data was differentially corrected.
Based on the median, 1st Quartile, 3rd Quartile,
minimum and maximum values for the GPS receivers,
the variability for the recreational GPS receivers were
greater than the mapping GPS receivers. Figure 4 and 5
show the box and whisker plots for WAAS ON in the
open and under tree canopy, respectively. The GeoXH
consistently had less variability than the other GPS
receivers, especially in the open where the error was
less than 2 meters. As obstruction increased in the sky
the recreation GPS receivers’ errors became more
variable. This is shown in Figure 5 with WAAS ON.
The eTrex and eTrex Legend, which were the least
expensive recreational GPS receivers, collected data
within approximately 2 meters in the open and less
than 16.5 meters in canopy cover. The Garmin Map
76cs, which was the most expensive recreational GPS
receiver tested, did not perform as well as some of the
less expensive receivers in this study.
Conclusions
After examining the data it can be fairly stated that
tree canopy and building interferences are a major
hindrance to the accuracy of the Global Positioning
System. The Trimble GeoXH out-performed all other
receivers compared in this study. However, for casual
recreational use, the GeoXH may not be the best option
due to its high cost (Figure 1). Also, the GeoXH
requires the user to have more training and general
knowledge of cartographic systems. A less expensive
option, with many of the same functions as the
GeoXH, would be the Trimble Juno. As far as
comparing Garmin recreational GPS receivers, there is
little correlation between accuracy and cost of unit.
The overall mean for all points studied with the
Garmin GPS receivers was less than 5 meters for a
clear unobstructed sky. There was no pattern observed
in our analysis that portrayed any of the Garmin GPS
receivers to be dominant. For the Gamin GPS
receivers, cost seems to be correlated to the functions
rather than the accuracies of the receivers.
As sky obstructions increased, GPS error
variability increased for all receivers (Figure 5), but
less with mapping GPS receivers. Bolstad et al. (2005)
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Table 2. Average RMSE in meters for individual receivers grouped
by data collection method.
Average Position (30 points)
Receiver Open Building Tree Canopy
Map76cs 3.18 8.67 9.41
eTrex 1.94 12.99 8.73
GeoExplorer3 DGPS 51.98 33.39 n/a
GeoExplorer3 44.53 32.69 n/a
eTrex Legend 1.71 8.50 16.11
eTrex Vista 8.47 18.04 22.62
GeoXH DGPS 0.74 1.95 3.92
GeoXH 1.07 2.50 4.13
Juno DGPS 1.13 3.70 4.03
Juno 1.74 3.64 3.61
WAAS OFF
Receiver Open Building Tree Canopy
Map76cs 3.87 37.91 11.62
eTrex 1.88 15.24 14.58
GeoExplorer3 DGPS 4.98 20.92 n/a
GeoExplorer3 5.49 20.72 n/a
eTrex Legend 2.30 4.43 14.18
eTrex Vista 2.02 6.52 12.53
GeoXH DGPS 0.88 5.64 3.53
GeoXH 3.10 4.69 4.94
Juno DGPS 1.66 3.94 4.33
Juno 1.97 3.67 3.41
WAAS ON
Receiver Open Building Tree Canopy
Map76cs 4.55 12.14 24.56
eTrex 2.02 14.39 15.28
GeoExplorer3 DGPS n/a n/a n/a
GeoExplorer3 n/a n/a n/a
eTrex Legend 2.00 7.63 16.39
eTrex Vista 13.50 7.84 17.47
GeoXH DGPS 1.05 1.64 3.92
GeoXH 1.34 2.16 4.06
Juno DGPS 1.56 4.11 3.55
Juno 2.03 3.31 2.81
also found that recreational GPS receivers’ accuracies
varied with larger errors under forest canopy.
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Figure 4. GPS descriptive statistics in for clear unobstructed sky with WAAS ON.
Figure 5. GPS descriptive statistics under tree canopy with WAAS ON.
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Abstract
Currently, few data exist for the mussel
assemblages of the Tyronza River, Arkansas. The goal
of this project was to inventory the freshwater mussel
assemblages of the Tyronza River and determine the
status of the federally endangered Potamilus capax.
We qualitatively and quantitatively sampled mussel
assemblages and documented the occurrence of S1
(extremely rare), S2 (very rare), and S3 (rare to
uncommon) species. A total of 70.4 river kilometers
were sampled in 2006 and 2007 resulting in 363
sampling sites, 4030 live individuals, and 25 species.
We observed a total of 1 S1, 2 S2, and 9 S3 species.
Mean catch-per-unit-of-effort was 0.9 (1.2 SD)
individuals / min. and mean species richness and
individual abundance were 3.4 (2.7 SD) species / site
and 11.1 (15.1 SD) individuals / site, respectively.
Thirteen Potamilus capax were collected during this
survey, with only 1 gravid female and 2 juveniles.
Quantitative survey mean densities per site ranged
from 1.0 to 1.9 mussels / m2 with an overall mean of
1.4 individuals / m2 (0.3 SD). A total of 7 Potamilus
capax were observed during quantitative sampling.
Community Numerical Standing Crop estimates ranged
from 70 ± 30 to 22,986 ± 7,905 individuals. The data
collected from this survey provide a valuable baseline
on the mussel assemblages of an altered-alluvial river
and the location and status of all S1, S2 and S3 species.
This information is essential to the management of this
imperiled fauna in the Tyronza River.
Keywords: Freshwater mussels, Tyronza River,
Potamilus capax
Introduction
Freshwater mussels of the families Unionidae and
Margaritiferidae (Mollusca: Bivalvia), are among the
most imperiled species in North America. Williams et
al. (1993), Bogan (1993), and Neves (1999) estimate
that 70% of the species found in North America are
listed as threatened, endangered, or of special concern.
Of approximately 85 species of freshwater mussels
occurring in Arkansas, 8 are federally endangered, 1
threatened, and 2 candidate species (Harris et al. 1997,
Harris et al. 2009). One of the 8 endangered species is
Potamilus capax, which was listed on June 14, 1976
and a recovery plan was developed in 1989 by the US
Fish and Wildlife Service. This study addresses
Objective 1 of the 1989 Potamilus capax recovery plan
(USFWS 1989).
Little data exists on the distribution and abundance
of mussel assemblages for the Tyronza River,
Arkansas. Bates and Dennis (1983) and Ahlstedt and
Jenkinson (1987, 1991) qualitatively surveyed portions
of the 80 km long Tyronza River with only 13 and 15
sites sampled, respectively. Bates and Dennis (1983)
found relatively low species richness and abundance
with only 9 live species collected at 3 of the 13 sites
surveyed, with the remainder of the sites having no live
individuals present. Ahlstedt and Jenkinson (1987,
1991) reported higher species richness within the
Tyronza River during their surveys, with 23 species
from their 15 survey sites compared to a total of 28
species identified in the St. Francis River proper.
The goal of this project was to inventory the
freshwater mussel resources for ~70 river km (RKM)
of the Tyronza River, Arkansas. To meet this goal, we
had 3 objectives: 1) to systematically survey the
Tyronza River at 200 – 300 m intervals from the mouth
near Parkin, Arkansas upstream ~ 70 RKM to near
Dyess, Arkansas, 2) to document the occurrence of S1
(extremely rare), S2 (very rare), and S3 (rare to
uncommon) freshwater mussel species for this study
area, based on the Arkansas Natural Heritage
Commission state rankings (ANHC 2006), and 3) to
quantitatively survey mussel assemblages.
Study Area
The Tyronza River is located in the Mississippi
River Alluvial Plain ecoregion of Arkansas and its
watershed is approximately 3,000 km2, containing a
high number of agricultural drainage ditches (Figure
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1). The watershed begins as Ditch #31 approximately
10 km (6.5 miles) southeast of Blytheville, Arkansas.
Ditch #31 is a shallow, channelized drainage ditch
lacking a forested riparian corridor and consists of
partially vegetated riffles. The unchannelized portion
of the Tyronza River begins approximately 5 km (3
miles) north of Dyess, Arkansas and continues
southwest to its confluence with the St. Francis River
north of Parkin, Arkansas (Figure 1). The headwaters
of the Tyronza River begin at an elevation of 86 m
above sea level, subsequently dropping to 75 and 70 m
above sea level at Dyess and Parkin, respectively.
Major soil types consist of poorly to moderately
drained clay and sand, with western portions of the
watershed ranging from poorly drained loamy soils to
excessively drained sandy soils (USDA 1971, EPA
2005).
Figure 1. Map of naturalized channel of the Tyronza River,
Arkansas from Dyess, Arkansas to Parkin, Arkansas.
Primary land-use in the Tyronza River watershed
is agriculture. An estimated 93.5% of the watershed is
in row crops (soybeans 58.9%, cotton 20.8%, rice
9.6%, and sorghum/corn 4.2%) and the remaining
6.5% is classified as a mixture of urban, water, and
forest (EPA 2005). Road densities are moderate, with
approximately 17 paved or graveled crossings between
Dyess and Parkin (AGFC 1989).
Methods
Qualitative Survey
A qualitative survey was conducted for the entire
Tyronza River in autumn 2006 and spring 2007. The
survey entailed searching the entire natural channel
using, depending on stream depths, tactile wading,
snorkeling, and surface supplied air system collection
methods. Searches involved feeling through the
substrate using both hands. These systematic searches
for live or dead mussels within the wetted width of the
channel were conducted from 10 m above to 10 m
below transects placed every 200-300 m of stream
length. Mussels were identified to species and returned
to the transect area in which they were removed;
however, selected voucher specimens were deposited
in the Arkansas State University Museum of Zoology –
Unionoida Collection. Nomenclature followed
Turgeon et al. (1998). When Potamilus capax was
encountered, each individual was uniquely marked
with an etching via a Dremel tool, measured [length
(mm), width (mm), and height (mm)], examined for
gravidity, and returned to the transect search area.
Each sampling transect was identified with a unique
code and latitude/longitude coordinates, habitat type
(e.g. pool, riffle, and run), and substrate types (e.g.
sand, clay, topsoil) were recorded on field data sheets.
Species distributions, species richness, relative
abundance, and catch-per-unit-of-effort (CPUE)
estimates (individuals / min) were calculated for each
transect search area.
Quantitative Survey
Nine sites from among the 363 qualitative sites
were selected for quantitative sampling. The 9 sites
were distributed in upper and lower sections with 4 and
5 sites, respectively. The upper and lower section
division and site selection were based on a metric
developed to include species richness, abundance, and
presence/absence of Potamilus capax and was
calculated as:
X=Z1* Z2 * Z3
where Z1 is the species richness of a qualitative site, Z2
is the abundance of the site, and Z3 is the presence or
absence of Potamilus capax. If Potamilus capax was
absent, a value of 1 was used in the metric; however, if
present, a value of 2 was used in the metric, doubling
the metric score.
At each of the quantitative sites mussel
assemblages were delineated through tactile searches
to determine the length and width of the assemblage.
A mussel assemblage was defined as an area of mussel
densities ≥ 1 m2 with an area ≥100 m2. Assemblages
were quantitatively assessed by using a systematic
transect sampling design (Brower and Zar 1977) and a
1m2 quadrat sample size. For each transect, quadrats
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were placed 2 m intervals across the wetted width of
the stream. A new transect was placed downstream at
5 m intervals from the previous transect for the length
of the assemblage. Mussels occurring within the 1m2
quadrat were removed from the substrate, placed in
mesh bags and brought to the surface to be identified to
species, weighed to the nearest gram, measured to the
nearest 0.1 mm (length, width, and height) and
returned to the area of collection.
Table 1. Total number of individuals collected and Catch Per Unit Effort (CPUE) per species (individuals / min.), Arkansas Natural Heritage
Commission (ANHC) Rank, Global Rank, % Relative Abundance for species collected from the Tyronza River qualitative survey, and ‘+’
indicates occurrence of live individuals only in quantitative surveys.
Species
ANHC
Rank
Nature
Serve 2009 Total Collected
Overall
CUPE
% Relative
Abundance
Live Dead
Amblema plicata S5 G5 2226 763 0.544 55.2
Arcidens confragosus S3 G4 103 63 0.025 2.6
Fusconaia ebena S3/S4 G4/G5 0 3 0.000 0.0
Fusconaia flava S4 G5 83 132 0.020 2.1
Lampsilis cardium S4 G5 15 11 0.004 0.4
Lampsilis hydiana S3 G4Q 0 6 0.000 0.0
Lampsilis teres S4 G5 119 144 0.029 3.0
Lasmigona complanata S3/S4 G5 88 22 0.022 2.2
Leptodea fragilis S4 G5 97 174 0.024 2.4
Ligumia subrostrata S4 G4/G5 0 1 0.000 0.0
Megalonaias nervosa S3/S4 G5 4 15 0.001 0.1
Obliquaria reflexa S4 G5 79 70 0.019 2.0
Plectomerus dombeyanus S4 G5 22 103 0.005 0.5
Pleurobema rubrum S2 G2/G3 4 22 0.001 0.1
Pleurobema sintoxia S3 G4/G5 9 25 0.002 0.2
Potamilus capax S1 G1/G2 13 19 0.003 0.3
Potamilus ohiensis S3/S4 G5 38 14 0.009 0.9
Potamilus purpuratus S4 G5 310 247 0.076 7.7
Pyganodon grandis S5 G5 21 15 0.005 0.5
Quadrula apiculata S2 G5 0 10 0.000 0.0
Quadrula metanevra S3/S4 G4 2 1 0.001 0.0
Quadrula nodulata S4 G4 209 328 0.051 5.2
Quadrula pustulosa S5 G5 333 288 0.081 8.3
Quadrula quadrula S5 G5 143 155 0.035 3.5
Strophitus undulatus S3 G5 29 10 0.007 0.7
Toxolasma lividus S2 G2 + + + +
Toxolasma parvus S4 G5 0+ 1+ 0.000+ 0.0+
Toxolasma texasiensis S3 G4 0 1 0.000 0.0
Tritogonia verrucosa S4 G4/G5 58 51 0.014 1.4
Truncilla donaciformis S3 G5 15 8 0.004 0.4
Truncilla truncata S4 G5 8 18 0.002 0.2
Uniomerus declivus S1 G5 0 1 0.000 0.0
Uniomerus tetralasmus S2 G5 0 1 0.000 0.0
Total 4030 2722 0.985
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Statistical analyses for mussel assemblages include
assemblage area, density, species richness, and sample
variance and standard deviation for individual species.
Community numerical standing crop (CNSC) and
population estimates were calculated using the
equation described by Sampford (1962):
ii
i
gyX *
0

where x is the total number of mussels found in the
assemblage, i is the number of strata, yi is the total
individuals collected from the sample, and gi is the
raising factor. The raising factor can be defined by
ni/Ni, with ni as the number of sample units in the ith
stratum, and Ni as the total potential number of
sampling units in the ith stratum. Ninety-five percent
confidence intervals were calculated using the
following formula:







 
 
i
i
i
i
o
i n
f
ySNtX
1
*** 22
In the equation, S2yi is the variance from counts in
the ni sampling units in the ith stratum and t is the
student’s t for effective degrees of freedom.
Results
Qualitative Survey
A total of 70.4 RKM of the Tyronza River was
surveyed resulting in a total of 363 sites. A total of 33
species were observed, 8 of which were only collected
dead, either in middens or within the river proper. One
S1 (extremely rare), 1 S2 (very rare), and 9 S3 (rare to
uncommon) species observed (Table 1). The second
S2 species observed during the quantitative survey.
Amblema plicata was the most abundant species
observed during the qualitative survey with 2,226
individuals, comprising 55.2% of the total specimens
found. Quadrula pustulosa and Potamilus purpuratus
were the second and third most abundant species with
333 and 310 individuals, comprising 8.3 and 7.7% of
the total individuals, respectively (Table 1).
Overall, CPUE per site was rather low for the
upper 30 RKM, with a mean of 0.5 individuals / min.;
however, at RKM 30-31, CPUE increased to a mean of
1.9 individuals / min. (Fig. 2). The survey wide CPUE
was 0.9 individuals / min. (Table 2). Approximately
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Figure 2. CPUE (individuals / min) and species richness of the
qualitative survey of the Tyronza River, Arkansas, plotted by river
kilometer. The survey began at river km 0, upstream, and ended at
river km 70.4 at Parkin, Arkansas.
70% of the 363 sites sampled had a CPUE of ≤1 
individual / min. (Fig. 3). The mean sample time per
site was 11.7 (3.6 SD) min. (Table 2). Mean species
richness and abundance increased from sites upstream
of RKM 30 – 31 (2.5 (1.5 SD) species / site and 5.3
(5.7 SD) individuals / site, respectively) to sites
downstream of RKM 30 – 31 (5.5 (2.7 SD) species /
site and 22.2 (18.8 SD) individuals / site, respectively)
(Fig. 2, Table 2). The survey wide mean species
richness and individual abundance were 3.4 (2.7 SD)
species / site and 11.1 (15.1 SD) individuals / site,
respectively (Table 2). A Mann-Whitney test showed
that increases in CPUE, species richness, and
abundance were significantly higher (p <0.0001)
downstream of RKM 30 – 31 compared to upstream of
RKM 30 – 31.
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Figure 3. Frequency distribution of the number of Tyronza River
qualitative sites with CPUE ranging from 0 to 7 individuals / min.
Quantitative Survey
Twenty-five species and 914 individuals were
observed from the 9 quantitative sites. A total of 1,
501 quadrats were sampled over 37,025 m2 with a
range of assemblage size ranging from 75 m2 to 29,900
m2 (Table 4). Species composition at each assemblage
ranged from 5 to 21 species with mean densities from
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Table 2. Sample effort, CPUE, number of individuals, and richness per site with standard deviation and sample variance in parentheses.
Sample Effort CPUE No. of individuals Richness/Site
Overall Mean 11.7 (3.6;13.5) 0.9 (1.2; 1.5) 11.1(15.1; 228.2) 3.4 (2.7; 7.3)
RKM 0 to 30-31 0.5 (0.4; 0.2) 5.3 (5.7; 32.9) 2.5 (1.5; 2.4)
RKM 30-31 to 70.4 1.9 (1.5; 2.4) 22.2 (18.8; 355.0) 5.5 (2.7; 7.1)
Minimum 0 0 0 0
Maximum 28 7 79 12
Table 3. Length (mm), height (mm), and width (mm), overall means (SD), and gravidity status for all Potamilus capax observed during the
qualitative survey of the Tyronza River, Arkansas.
Potamilus capax ID Site Location Length Height Width Maturity Gravid
TW1 N35.46665;W090.39989 118.0 86.5 75.2 Adult
TW2 N35.38880;W090.41620 101.2 69.8 69.5 Adult YES
TW3 N35.37712;W090.46560 129.4 84.0 67.7 Adult
TW4 N35.37468;W090.46883 88.3 67.7 57.7 Adult NO
TW5 N35.37225;W090.47082 97.6 72.1 65.2 Adult
TW6 N35.36812;W090.47579 89.1 64.0 58.5 Adult NO
TW7 N35.30293;W090.47034 79.2 58.4 52.3 Adult
TW8 N35.28674;W090.47939 48.7 32.5 37.1 Juvenile
TW9 N35.28253;W090.52901 92.0 69.2 58.6 Adult
TW10 N35.28253;W090.52901 41.6 31.4 26.0 Juvenile
TW11 N35.28169;W090.53540 55.1 45.2 36.9 Adult
TW12 N35.28734;W090.56240 106.8 80.2 67.1 Adult NO
TW13 N35.28734;W090.56240 123.6 99.3 73.5 Adult
Mean Adult 90.0 (27.9) 66.2(20.3) 57.3(15.4)
Mean Juvenile 45.2(5.0) 32.0(0.8) 31.6(7.9)
adult length, height, and width of 90.0 (27.9) mm 66.2
(20.3) mm, 57.3 and (15.4) mm, respectively and
juvenile mean length, height, and width was 45.2 (5.0
SD) mm, 32.0 (0.8 SD) mm, and 31.6 (SD) mm
respectively (Table 3). Densities and population
estimates for Potamilus capax ranged from 0.005 to
0.05 mussels / m2 and 10 ± 25 to 33 ± 50 individuals,
1.0 (0.2 SD) to 1.9 (2.7 SD) mussels / m2, respectively
(Table 4). Community Numerical Standing Crop
(CNSC) estimates ranged from 70 ± 30 to 22,986 ± 7,
905 individuals (Table 4). Amblema plicata was the
most abundant species during the quantitative
sampling, followed by Q. pustulosa, Q. nodulata,
Potamilus purpuratus, and Q. quadrula. Potamilus
capax was observed at 3 of the 9 sites with 7
individuals collected. Mean Potamilus capax,
respectively, with an overall mean of 0.03 mussels / m2
(0.02 SD).
Discussion
CPUE and Species Richness
Amblema plicata was the most common mussel
collected during the survey comprising over half of all
total live individuals. The remaining top 4 species, in
order of abundance and number of site occurrences,
were Q. pustulosa, Potamilus purpuratus, Q. nodulata,
and Q. quadrula, respectively. Other species, M.
nervosa, Q. metanevra, and Utterbackia imbecillis,
were far less abundant; however due to the qualitative
nature of the survey, we believe that these species are
under represented and may have larger populations
than observed. The results of this survey were similar
to those of Ahlstedt and Jenkinson (1987) and Posey
(1997), in regards to Amblema plicata and Q. nodulata,
Q. pustulosa, and Q. quadrula abundances, which were
often the top 4 species within the St. Francis and Cache
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River basins. Ahlstedt and Jenkinson (1987) only
observed 6 individuals of Q. metanevra and no live
Utterbackia imbecillis across 192 sites in the St.
Francis and Cache River watersheds. Christian (1995)
also did not observe any Utterbackia imbecillis in the
White and Cache Rivers, while dominant species in
that study included: Amblema plicata, M. nervosa,
Plectomerus dombeyanus, Q. pustulosa, and Q.
quadrula.
The presence of 6 species solely as dead or relic
shells indicates extremely low populations of these
species within the river. Three of the species, Ligumia
subrostrata, Uniomerus declivus, and Uniomerus
tetralasmus, were collected downstream of the Ditch
40 confluence, in locations where the 3 species were
previously documented (Ahlstedt and Jenkinson 1987,
pers. obs.). The remaining species were previously
documented within the St. Francis River basin, but
with low population numbers or only as relics (Bates
and Dennis 1983, Ahlstedt and Jenkinson 1987, 1991).
Table 4. Location (latitude/longitude), total number of samples, total area, mean density (mussels/ m2) with (SD), minimum-maximum mussels /
m2, and community numerical standing crop (CNSC ± 95% CI) for the 9 assemblages quantitatively sampled in the Tyronza River.
Latitude/Longitude)
Total
Samples
Total
Area (m2)
Total
Individuals
Min.-
Max.
Mean Density
(mussels/ m2) CNSC ± 95% CI
SITE 1 N35.62787 W-90.17840 15 75 13 0-3 1.2 (0.4) 70 ± 30
SITE 2 N35.56228 W-90.26754 15 150 16 0-3 1.5 (0.8) 160 ± 58
SITE 3 N35.52293 W-90.29912 93 780 13 0-3 1.0 (0.2) 109 ± 116
SITE 4 N35.50674 W-90.33860 126 1050 27 0-4 1.1 (0.3) 225 ± 151
SITE 5 N35.49865 W-90.39312 640 29900 492 0-37 1.9 (2.7) 22986 ± 7905
SITE 6 N35.38933 W-90.41628 267 2730 146 0-6 1.3 (0.7) 1524 ± 298
SITE 7 N35.37458 W-90.46915 161 800 108 0-6 1.5 (1.0) 537 ±164
SITE 8 N35.28736 W-90.47861 83 700 45 0-6 1.4 (0.9) 396 ±189
SITE 9 N35.28526 W-90.55440 101 840 54 0-7 1.3 (1.0) 450 ± 228
Individual Species Accounts
Species distribution in the Tyronza River varied
from isolated individuals, Q. metanevra and U.
imbecillis, to widespread aggregates, Amblema plicata
and Potamilus purpuratus. Several interesting patterns
were observed when species distributions were
spatially plotted using Geographic Information
Systems (GIS). Specifically, 80% of S. undulatus’
observations occurred between RKM 30 – 40. Similar
trends were observed for Truncilla donaciformis,
Truncilla truncata, and M. nervosa. Arcidens
confragosus was sparsely distributed throughout the
river; however, an increase was observed near RKM
50. Lampsilis cardium showed an opposite trend, with
no individuals in the downstream 20 RKMs.
Potamilus capax, previously undocumented in the
Tyronza River by Bates and Dennis (1983) and
Ahlstedt and Jenkinson (1987), was first observed live
near RKM 30; which is downstream of US Highway
63 between Marked Tree and Tyronza. Thirteen live
Potamilus capax individuals were collected and
released during the survey, 1 of which was a gravid
female collected in September 2006. Cummings and
Mayer (1993) and Barnhart and Roberts (1997)
reported populations of Potamilus capax in Illinois,
Indiana, and Missouri as being gravid during June.
Wisconsin females have been reported as being gravid
from June to October (Baker 1928). Gravid females
were observed in Ditch 10 of the St. Francis River,
near Truman, Arkansas, during April and May 2005.
Anecdotally, Potamilus capax were collected in all
major substrate types (i.e. sand, clay, and silt) and in
all major habitat types (i.e. lateral scour pools, riffles,
and runs). The presence of juvenile Potamilus capax
at 2 sites indicated that some recruitment has occurred
in the Tyronza River.
Quantitative Survey
Results of the quantitative survey were similar to
those of the qualitative survey, with 25 species present
for both types of surveys. However, M. nervosa and
Pluerobema sintoxia were not found alive in the
quantitative survey and Toxolasma lividus and
Toxolasma parvus were not found alive in the
qualitative survey. The top 5 most abundant species
were the same for each survey, but in the qualitative
survey Potamilus purpuratus was the third most
abundant versus the fourth most abundant in the
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quantitative survey. Community estimates for the
Tyronza River were well below those of larger
Arkansas Delta rivers, specifically the Cache River,
which had CNSC estimates ranging from 3,705 ±
1,908 to 122,115 ± 24,192 individuals, and the St.
Francis River, which had CNSC ranging from 5,400 ±
2,646 to 53,198 ± 17,145 individuals (Christian 1995,
Posey 1997, Christian et al. 2005). Lower CNSC
could possibly be explained through any number of
hypotheses, such as lack of suitable mussel habitat
and/or hydrological variability (Strayer 1981, 1983,
Oesch 1984, DiMaio and Corkum 1995, Strayer 1999,
Downing et al. 2000). Potamilus capax densities were
not as high as that reported by Ahlstedt and Jenkinson
(1987), 0.01 mussels / m2 in ditches and 0.02 mussels /
m2 mainstream St. Francis River, with an overall mean
density of 0.004 individuals / m2 in the entire Tyronza
River, but were similar to the results of Harris (1986).
However, when densities of only the downstream
portion of the Tyronza River were calculated,
Potamilus capax densities increase to 0.01 mussels /
m2, similar that reported by Ahlstedt and Jenkinson
(1987) within ditches.
Conclusions
The qualitative and quantitative surveys completed
on the Tyronza River, Arkansas documented the
distribution, relative abundance, and population
estimates of mussel assemblages, including Potamilus
capax, a federally endangered species. A total of 27
live species were observed and an additional 6 species
were observed as relics between the 2 surveys. The
surveys documented that Potamilus capax is present
and reproducing in the Tyronza River. Reproduction
was confirmed by the presence of a single gravid
female and recruitment was documented through the
collection of 2 juvenile individuals. The small
population of Potamilus capax in the Tyronza River
may be attributed to habitat and/or flow selectivity of
Potamilus capax which has been previously
undocumented, or an extremely low interaction rate
with the host fish, freshwater drum (Aplodinotus
grunniens). Freshwater drum also serve as a host fish
for the bleufer (Potamilus purpuratus), which is
prevalent throughout the river and was third and fourth
most abundant species in the qualitative and
quantitative surveys, respectively. This suggests that
other driving factors are influencing the distribution
and abundance of Potamilus capax in the Tyronza
River. This survey provides valuable baseline data on
the mussel assemblages of an altered alluvial river and
reports on the location and status of S1, S2, and S3
species. Such data is critical for the effective
management of freshwater mussel in the Tyronza River
and of communities in channel altered alluvial rivers.
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Backyard “Bug” Collecting Results in 6 New State Records for Arkansas, U.S.A.
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The aquatic Hemiptera of Arkansas are fairly well
documented (see Chordas et al. 2005), but the
terrestrial bugs are less well known. Recent projects
and publications have begun to address this deficiency.
Including the 6 reported herein, there have been 64
Hemiptera species newly recorded for Arkansas
between 2005 and 2009 (Chordas et al. 2005, Chordas
and Kovarik 2008a, Chordas and Kovarik 2008b).
The second author is an invertebrate enthusiast
who maintains a large personal collection. The content
of this collection is primarily an accumulation of
invertebrates captured on or around his property in
Clarksville (Johnson County) Arkansas (Figure 1).
Identification of the Hemiptera from this “backyard
bug collection” revealed 6 species (in 4 Hemiptera
families) that are new state records for Arkansas.
These 6 include: 2 Coreidae (Leaf-footed bugs),
Acanthocephala declivis (Say, 1832) and Piezogaster
calcarator (Fabricius, 1803); 1 Largidae (Largid bugs),
Largus succinctus (Linnaeus, 1763); 2 Lygaeidae
(Seed bugs), Lygaeus kalmii angustomarginatus
Parshley, 1919 and Neacoryphus bicrucis (Say, 1825)
and 1 Reduviidae (Assassin bugs), Sirthenea stria
carinata (Fabricius, 1798). Of note, our record of L.
succinctus is the first Arkansas record for this
hemipteran family.
Figure 1. Johnson County, Arkansas
We report these 6 species as new state records for
Arkansas. Dorsal view digital photographs of each
species were taken from the second author’s curated
specimens and are provided herein as a visual
reference (see acknowledgments; color images
available). We also include current distribution maps
for all species as it has been over 20 years since
comprehensive distributions were published.
Voucher specimens of all 6 species were deposited
into the C.A. Triplehorn Insect Collection (The Ohio
State University, Columbus Ohio), duplicates and
remaining specimens were retained by the second
author and are housed in his personal collection.
Chordas et al. (2005), Henry and Froeschner (1988),
Maw et al. (2000), McPherson (1992) and Wheeler
(1983) were used as distributional references.
Blatchley (1926) and Slater (1992) were used for
species identifications.
New State Records: Alphabetically by family.
Coreidae (leaf-footed bugs): Although uncommon
and restricted to a few southern states, A. declivis was
probable for Arkansas as it had been recorded from 3
surrounding states (Figure 2). Acanthocephala declivis
is a large bug (body length 28-34mm) (Figure 3). It is
now the second species of this genus reported for
Arkansas (see Chordas et al. 2005). Single specimens
were collected on each of the following dates: 1-
August-2005, 20-July-2006 and 25-October-2006.
Piezogaster calcarator (Figure 4) was anticipated
for Arkansas, having been reported for 3 bordering
states (Figure 5). A total of 11 specimens were taken:
3 on 23-July-2005, 1 on 1-August-2005, 6 on 26-
September-2005 and 1 on 4-April-2006.
Figure 2. Distribution of Acanthocephala declivis North of Mexico.
Largidae (Largid bugs): Although only reported
from 13 scattered states, L. succinctus is the most
common species of this family (Henry and Froeschner
Arizona
Arkansas
Florida
Georgia
Louisiana
Missouri
New Mexico
North Carolina
South Carolina
Texas
Collection Area : Arkansas,
Johnson County. Clark Road,
which runs parallel & between
State Route 64 & U.S. Route 40,
Clarksville. N35.46 : W-93.49:
Collector = Joe Kremers.
Collection date: indicated under
each species record.
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1988) and was anticipated for Arkansas as it had been
reported for 3 adjacent states (Figure 6). This is the
first Arkansas record for this hemipteran family. Of
expected Hemiptera, only Enicocephalidae (unique-
headed bugs) and Piesmatidae (piesmatid bugs) lack
Arkansas records (Chordas et al. 2005). A total of 6
specimens of this distinctive species (Figure 7) were
collected (2 on 1-June-2005, 4 on 26-September-2005).
Figure 3. Dorsal view of Figure 4. Dorsal view of
Acanthocephala declivis. Piezogaster calcarator.
Figure 5. Distribution of Piezogaster calcarator North of Mexico.
Figure 6. Distribution of Largus succinctus North of Mexico.
Lygaeidae (Seed bugs): We newly report two very
common and widespread species. Lygaeus kalmii
angustomarginatus (Figure 8) is the eastern subspecies
and was expected for Arkansas because it has been
reported from all states surrounding Arkansas except
for Louisiana (Figure 9). Four individuals were
collected on 19-August-2005.
Recorded from 31 states across the conterminous
US and 2 provinces in Canada (Figure 10), N. bicrucis
(Figure 11) was expected for Arkansas. Its known
host-plant is ragwort (Senecio sp) (McLain 1992), a
plant of some interest as it has been implicated as
potentially toxic to equine grazers. Five specimens
were taken: 2 on 5-June-2005, 3 on 19-August-2005.
Figure 7. Dorsal view Figure 8. Dorsal view of Lygaeus
of Largus succinctus. kalmii angustomarginatus.
Figure 9. Distribution of Lygaeus kalmii angustomarginatus North
of Mexico.
Figure 10. Distribution of Neacoryphus bicrucis North of Mexico.
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Reduviidae (Assassin bugs): Sirthenea stria
carinata is a brightly colored red, red/orange and black
assassin bug (Figure 12). It has been reported to inflict
a very painful bite (Blatchley 1926), a suspected
characteristic for a species possessing such aposomatic
coloration. It is primarily distributed throughout the
eastern US (Figure 13), but was anticipated for
Arkansas. All three of our specimens were taken at
lights, a place this species historically has been
reported to be encountered (Blatchley, 1926). One
specimen was collected on each of these dates: 27-
September-2003, 5-September-2004, and 3-June-2005.
Figure 11. Dorsal view of Figure 12. Dorsal view of
Neacoryphus bicrucis. Sirthenea stria carinata.
Figure 13. Distribution of Sirthenea stria carinata North of Mexico.
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Microwave Syntheses and Thermal Gravimetric Analysis of trans-Hydrogen
bis(dimethylsulfoxide)tetrachlororuthenate(III)
S. Chui, M. Draganjac1, E. Benjamin and B. Rougeau
Department of Chemistry and Physics, Arkansas State University, State University, AR 72467
1 Correspondence: mdraganj@astate.edu
The Ru(dmso)2Cl4- anion has been prepared by the
reaction of RuCl3 with HCl in dimethyl sulfoxide
(DMSO) at elevated temperatures (Alessio et al. 1991).
The successful microwave synthesis of RuCl2(dmso)4
(Harvey et al. 2009) led us to explore the use of
microwave technologies for improving the synthesis of
trans-[H(dmso)2][Ru(dmso)2Cl4].
The starting material, RuCl3.xH2O, ethanol,
aqueous HCl and dimethyl sulfoxide were purchased
from Aldrich Chemical Company. All reagents were
used as purchased without further purification. An
Agilent 8453 UV-Visible spectrophotometer was used
for the analysis of the compounds. Thermal analysis
was done on a Seiko DT/TGA 320 Thermoanalyzer
under Ar gas (300ml/min) with copper reference and
sample pans. The sample of trans-
[H(dmso)2][Ru(dmso)2Cl4] (8.252 mg) was heated
from 30 – 350 oC at 5 oC/min. The microwave
synthesis was performed using a CEM Discover
Microwave Reactor. 1H NMR spectra were obtained on
a Bruker Avance 300 NMR spectrophotometer using d-
chloroform with TMS as an internal standard.
Three methods were employed for the microwave
synthesis of trans-[H(dmso)2][Ru(dmso)2Cl4]:
Method A: A 0.15 g (0.57 mmol) sample of
RuCl3.xH2O was dissolved in 0.7 mL DMSO and 0.1
mL 37% aqueous HCl, and the mixture was placed in
the microwave reactor and heated to 80 °C for 2 min.
A red-orange solution was obtained and after addition
of 5 mL acetone and setting for several hours at room
temperature, red crystals formed. The product was
filtered, washed with acetone and vacuum dried; yield
= 95 %, melting point (mp) = 120 oC.
Method B: A 0.10 g (0.38 mmol) sample of
RuCl3.xH2O was placed in the microwave reaction tube
with 2 mL ethanol, and the mixture was heated in the
microwave reactor to 75 °C for 15 min. Then 0.2 mL
DMSO and 0.1 mL 37% aqueous HCl was added and
the mixture was heated in the microwave to 75 °C for 3
min. The resulting red-orange solution formed red
crystals after addition of acetone and leaving for
several hours at room temperature. The product was
filtered, washed with acetone and vacuum dried; yield
= 79 %, mp = 120 oC.
Method C: The reaction was done by placing the four
reagents, 0.10 g (0.38 mmol) RuCl3.xH2O, 0.2 mL
DMSO, 0.1 mL 37% aqueous HCl, and 2 mL ethanol
together in the reaction tube and the mixture was
heated in the microwave reactor to 75 °C for 18 min.
After the 18 min reaction time, a red-orange color
formed in the solution. After addition of acetone, and
leaving for several hours at room temperature, red
crystals precipitated from solution. The product was
filtered, washed with acetone and vacuum dried; yield
= 67 %, mp = 120 oC.
The visible spectrum (Figure 1) and melting points
of the products from all three microwave methods
matched the literature values for trans-
[H(dmso)2][Ru(dmso)2Cl4] (Alessio et al. 1991).
Proton NMR spectra of the products obtained from the
microwave reactions were identical to the NMR
spectrum obtained for trans-[H(dmso)2][Ru(dmso)2Cl4]
prepared following the methods of Alessio and
coworkers (Alessio et al. 1991).
Figure 1. Visible spectra of trans-[H(dmso)2][Ru(dmso)2Cl4]
prepared using microwave techniques.
Microwave synthesis of trans-(Ph4P)[Ru(dmso)2Cl4],
Ph = phenyl
A 0.15 g (0.57 mmol) sample of RuCl3.xH2O was
dissolved in 0.7 mL DMSO and 2 mL ethanol, and
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0.22 g (0.57 mmol) Ph4PCl (tetraphenylphosphonium
chloride) was added. The mixture was placed in the
microwave reactor and heated to 100 oC for 2 min.
Upon reaction completion, an orange precipitate
formed. The product was filtered and dried; yield =
54 %, mp = 120 oC. The visible spectrum matched the
values reported in the literature for trans-
[H(dmso)2][RuCl4(dmso)2] (Alessio et al. 1991).
Microwave Syntheses. Three methods for the
microwave synthesis of the title compound were
investigated. The first two microwave methods
mirrored the preparations reported in the literature
(Alessio et al. 1991). Microwave Method C varies
from Method A by the addition of ethanol. Ethanol
was used by Alessio to improve solubility of the RuCl3
before reaction with DMSO.
The microwave techniques provide a possible
alternate preparative route for the synthesis of trans-
[H(dmso)2][Ru(dmso)2Cl4]. Method A (95 % yield)
gave a better yield than the literature preparation (80%).
Method B showed a comparable yield to that reported
in the literature and Method C had a lower yield than
the literature (Alessio et al. 1991). In particular,
method A provides the best synthetic route for the title
compound as seen by the increase in yield and the
decrease in reaction times (2 min vs 30 min).
Addition of PPh4Cl as a chloride source also
provided a counterion for the Ru(dmso)2Cl4- ion.
Though lower yields are obtained, trans-
PPh4[Ru(dmso)2Cl4] precipitates from solution and can
easily be isolated.
Thermal Analysis of trans-
[H(dmso)2][Ru(dmso)2Cl4]. The thermal
decomposition of trans-[H(dmso)2][Ru(dmso)2Cl4] can
be seen in Figure 2. With an onset temperature of
108.4 oC, the trans-[H(dmso)2][RuCl4(dmso)2]
complex decomposes in five steps, starting with the
initial loss of HCl. Subsequent loss of the four
remaining DMSO moieties occurs in a stepwise
manner. Thermal decomposition of trans-
[H(dmso)2][Ru(dmso)2Cl4] occurs between 100 and
300 oC as the title compound loses mass stepwise until
RuCl3 remains. Understanding the thermal properties
of trans-[H(dmso)2][Ru(dmso)2Cl4] may lead to
improved syntheses of other Ru(III) complexes
(Alessio et al. 1991).
Figure 2. Thermal Gravimetric Analysis plot for trans-
[H(dmso)2][Ru(dmso)2Cl4]
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New Distributional Records of Ants in Arkansas for 2008
D.M. General1,2 and L.C. Thompson1
1Arkansas Forest Resources Center, School of Forest Resources, University of Arkansas-Monticello, Monticello AR 71656-3468
2Correspondence: generald@uamont.edu
The ant diversity of Arkansas remains largely
unstudied (AntWeb 2002). Updating the faunal list for
the state will take much effort, time, and money
(Warren and Rouse 1969). We have, however, been
discovering new state records even with meager
resources. We report the results of our ant sampling in
2008.
We surveyed 7 natural areas in 5 counties in
southern Arkansas: 1) Arkansas Oak Natural Area
(NA) in Nevada Co., 2) Miller County Sandhills NA,
3) Warren Prairie NA in Bradley Co., 4) White Cliffs
NA in Little River Co., 5) Nacatoch Ravines NA, 6)
Rick Evans Grandview Prairie Wildlife Management
Area (WMA), and 7) Ozan WMA, all in Hempstead
Co.
We used pitfall trapping and intensive plot
sampling techniques, namely, sifting of leaf litter and
duff followed by Berlese extraction, breaking into
rotten wood, beating of low vegetation, and hand
collecting (General and Thompson 2007). We used the
most appropriate and latest taxonomic references to
identify the ants to genus (Fisher and Cover 2007) then
to species (Bolton 1994, 2000, 2003, Bolton et al. 2007,
MacGown 2006, Snelling 2005, Snelling 1995, Trager
1984, Ward 1985, and Wilson 2003). We then sent
specimens to the Museum of Comparative Zoology
(MCZ) of Harvard University for verification by Mr.
Stefan P. Cover.
Vouchers of all new state records will eventually
be deposited at the Entomological Museum of the
University of Arkansas, Fayetteville, AR and MCZ,
Cambridge, MA.
Twelve species are newly recorded from Arkansas,
including 4 putatively undescribed species (Cover,
MCZ, personal communication). In addition, we
established 138 new county records of species. Table
1 lists the new species records by county.
Table 1. List of new species records in 5 counties of Arkansas (new AR species records in boldface).
County
Species Bradley Hempstead Little River Miller Nevada
Aphaenogaster fulva √ √  √ √ 
Aphaenogaster lamellidens √ √ √ √  
Aphaenogaster texana √ √ √ √ √ 
Aphaenogaster tennesseensis √     
Aphaenogaster treatae    √  
Brachymyrmex depilis √  √ √ √ 
Camponotus castaneus √    √ 
Camponotus decipiens   √   
Camponotus pylartes  √ √ √  
Camponotus snellingi √  √ √ √ 
Crematogaster ashmeadi   √ √  
Crematogaster cerasi √ √  √ √ 
Crematogaster lineolata √     
Crematogaster minutissima √  √ √  
Crematogaster missuriensis    √  
Discothyrea testacea √  √   
Dorymyrmex bureni √   √ √ 
Forelius pruinosus √  √ √ √ 
Forelius speciesAR-01 √ 
Formica pallidefulva √  √   
Hypoponera opacior √  √ √  
Hypoponera opaciceps  √    
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Table 1. List of new species records in 5 counties of Arkansas.
County
Species Bradley Hempstead Little River Miller Nevada
Monomorium minimum √  √ √  
Myrmecina americana √  √ √ √ 
Myrmica pinetorum √   √  
Myrmica punctiventris  √  √ √ 
Neivamyrmex swainsonii √ 
Paratrechina faisonensis √ 
Paratrechina terricola √  √   
Paratrechina wojciki √    √ 
Pheidole dentata √ √ √ √  
Pheidole dentigula  √  √  
Pheidole metallescens    √ √ 
Pheidole pelor  √ √   
Pheidole pilifera   √   
Pheidole tetra    √ √ 
Pogonomyrmex comanche     √ 
Ponera exotica    √  
Ponera pennsylvanica √  √ √ √ 
Prenolepis imparis  √    
Proceratium pergandei    √ √ 
Protomognathus americanus  √    
Pseudomyrmex pallidus √   √  
Pseudomyrmex ejectus   √   
Pyramica clypeata    √ √ 
Pyramica membranifera    √  
Pyramica ohioensis    √  
Pyramica ornata √   √  
Pyramica reflexa √ 
Pyramica speciesAR-01  √  √  
Pyramica speciesAR-02    √  
Solenopsis invicta √ √ √ √ √ 
Solenopsis molesta √ √ √   
Solenopsis pergandei    √  
Solenopsis speciesAR-01 √     
Strumigenys louisianae  √ √ √ √ 
Tapinoma sessile √  √ √ √ 
Temnothorax curvispinosus √  √ √ √ 
Temnothorax pergandei √  √  √ 
Trachymyrmex septentrionalis √  √  √ 
Total New Records 32 16 27 40 23
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Microwave Synthesis of cis-Dichlorotetrakis(dimethylsulfoxide)ruthenium(II)
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The cis-RuCl2(dmso)4 compound has been shown
to be a versatile starting reagent for the preparation of
numerous Ru complexes (Evans et al. 1973, Alessio et
al. 1991, Landgrafe and Sheldrick 1994). cis-
RuCl2(dmso)4 is prepared by refluxing RuCl3.xH2O in
DMSO for 5 min followed by concentration to half
volume and subsequent precipitation with acetone
(Evans et al. 1973). Due to the high boiling point of
DMSO (189 oC), actual reaction time approaches 3 hr.
The reduction in volume is also critical, as too little
reduction leads to reduced yields. The difficulties in
the synthesis of cis-RuCl2(dmso)4 and the length of
reaction time led us to explore the use of microwave
technologies for improving the preparation of the title
compound.
The starting materials, RuCl3.xH2O and dimethyl
sulfoxide, were purchased from Aldrich Chemical
Company. All reagents were used as purchased,
without further purification. An Agilent 8453 UV-
visible Spectroscopy system and a Midac IR
spectrophotometer were used for the analysis of the
compounds. The microwave synthesis was performed
using a CEM Discover microwave reactor.
For the microwave reaction, 0.10 g (0.38 mmol)
RuCl3.xH2O was added to 2 mL DMSO in a
microwave reaction tube under N2 or Ar and heated to
135 oC for 10 min. Upon standing, a yellow precipitate
formed and was isolated by filtration. The product was
washed with acetone and air-dried, yield = 49%,
melting point = 193 oC. The visible and infrared
spectra for our product matched those reported in the
literature (Evans et al. 1973, Alessio et al. 1988).
Reaction times can be decreased to three min. by
increasing the surface area inside the microwave
reaction tube.
Though the yield from the microwave reaction is
lower than the reported literature yield (Evans et al.
1973), decrease in reaction times, lower energy
expenditures and reduction in waste due to the use of
smaller solvent volumes makes the microwave
synthesis a viable alternative to the conventional
preparative method for cis-RuCl2(dmso)4.
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This paper initially concerns 3 new bird species
discovered in Arkansas that previously had not been
found in the state. Secondly, the paper clarifies an
ambiguity with regard to the published subspecies
identification for the lone record of the Fork-tailed
Flycatcher (Tyrannus savana) in Arkansas. A third
objective is to address several published errors
concerning birds in the state, and finally the paper
concludes with a disclosure relating to nesting
Peregrine Falcons (Falco peregrinus) in Arkansas.
Adding these 3 new birds to the total of 402 species
reported in James et al. (2007) now yields a grand total
of 405 bird species that have been found in Arkansas.
The first of the 3 new species for the state was a
Least Grebe (Tachybaptus dominicus) in adult
breeding plumage found at the Craig State Fish
Hatchery at Centerton in Benton County on 2 August
2008 by Mike Mlodinow and Jacque Brown, and later
viewed by others. Many photographs were obtained.
It stayed there for a week. (This record received AAS
number 1004, which refers to the Documentation
Form accepted by the Bird Records Committee of the
Arkansas Audubon Society.) A few days before this
sighting, in late July, Hurricane Dolly struck southern
Texas and northern Mexico from the Gulf of Mexico.
High winds from this storm blew through northwestern
Arkansas the night of 30-31 July. The area where the
hurricane made landfall from the Gulf is a prime
region for nesting Least Grebes. Those winds could
have blown this new bird to Arkansas.
The second new bird for Arkansas (AAS 1002) was
a Northern Shrike (Lanius excubitor) found just north
of Maysville, Benton County, on 25 December 2007
by Mike Mlodinow and Joe Neal. This bird was a
juvenile individual in its very characteristic brownish
plumage. This feature especially separates it from the
other species of North American shrike. This shrike
was seen a second time by others on 30 December and
photographed.
A Gull-billed Tern (AAS 1011) in adult breeding
plumage was the third new species. It was discovered
on 26 April 2009 by Dick and Sarah Baxter on the
Baxter farm on Camp Nine Road, ~7.4 miles northeast
of McGehee, Desha Co. The sighting was documented
by Dan Scheiman. Images of the bird obtained by
Charles Mills were submitted with Scheiman's
documentation. Several competent observers saw the
bird.
The only Fork-tailed Flycatcher ever reported in
Arkansas, was found on 14 January 1995 ~3.5 km
northwest of Pontoon, Yell County, and was originally
described by Shepherd and Smith (1996). Photographs
of the bird showed details consistent with the
subspecies T. s. savana according to J. Van Remsen
and his associates at the Museum of Natural Science,
Louisiana State University. This record was described
again by James et al. (2007). This time Remsen and
associates, when consulted, assigned the bird to the
subspecies T. s. monachus. Using a different mix of
photographs, those obtained by Charles Mills and La
Donna Nichols, this contradiction was revisited by
Remsen and associates. They found that the paleness
of the back and whiteness of the collar definitely
categorized the bird with the northern subspecies T. s.
monachus. This diagnosis agrees with that stated in
James et al. (2007). Therefore, the hypothesis in that
paper (James et al. 2007) describing how the bird may
have wandered into Arkansas is reasonable. In the
photographs the dark blackness of the bird's crown
shows it is an adult and the extreme length of the tail
feathers indicates male. (James et al. [2007] stated the
location of the bird was “5 miles west of Pontoon”
along Highway 154. The Bird Records Database on
the web site of the Arkansas Audubon Society gives its
location as “approximately 1 mile northwest of
Pontoon” along Highway 154. These distances vary
from the ~3.5 km northwest of Pontoon stated in
Shepherd and Smith [1996].)
Two errors exist in James et al (2007) that we
correct below. In the next to last line of the first
paragraph of the Discussion section, the Gray Jay
(Perisoreus canadensis) is erroneously named (page
76). (The Gray Jay was not mentioned in the body of
the paper dealing with new birds found in Arkansas.
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This is a species that has never been reported in the
state.) The bird that should have been named was the
Gray Kingbird (Tyrannus dominicensis), which was
described in the paper as a newly found bird species in
Arkansas. The other error in James et al. (2007) is in
the last line of the first paragraph, right column of page
75. The AAS No. 890 should correctly read AAS No.
980.
The final error to report occurred in James et al.
(1994) pertains to the only record of a Yellow-billed
Loon (Gavia adamsii) in Arkansas. In that paper the
loon was reported to have been discovered on 19
November 1991. That was incorrect. It was in fact
discovered 2 days earlier on 17 November 1991 and
photographed on 19 November 1991.
The circumstances concerning nesting Peregrine
Falcons (Falco peregrinus) in Arkansas are more
complicated than the above straightforward bird
records additions, corrections, and updates. Howell
(1911) suggested that Peregrine Falcons were locally
common in the Mississippi Valley during the
Nineteenth Century, reportedly nesting mostly on cliffs,
but occasionally in cavities of tall trees in the
bottomlands. Widmann (1907) discussed breeding
peregrines in the early and middle part of that century
in Missouri, but suggested that they were extirpated as
a breeding species by 1900, although the last probable
nesting activity in Missouri was 1912 (Robbins and
Esterla 1992). Peregrines were also nesting in trees in
the mid-1870s along the Neosho River in southeastern
Kansas (Goss 1878). Citing observations in the spring
of 1888 by B. T. Gault, Bendire (1892) stated that
peregrines nested on the sandstone bluffs along the
Little Red River in Cleburne County, Arkansas. Gault
apparently queried Widmann about that observation
and was told that peregrines nested quite abundantly on
cliffs and ledges just south of St. Louis at that time
(Bendire 1892). This remains the only sight report of
nesting Peregrine Falcons in Arkansas.
Benjamin True Gault (1858-1942) lived most of his
life in Glen Ellyn, a suburb of Chicago, and was
considered an authority on the birds of Illinois (Clare
1948). In 1883, he traveled through southern California
(Gault 1885, Bendire 1892), and he joined the
American Ornithologists’ Union in 1885 (Clare 1948).
It appears that he was traveling through eastern
Arkansas and northeastern Texas in spring and summer
of 1888. In addition to his peregrine sightings in
spring of 1888, he reported that Ospreys (Pandion
haliaetus) were nesting in holes in the sandstone cliffs
of the Little Red River (Bendire 1892). In May of
1888, he reported Ospreys nesting along the White
River in Arkansas, just south of the Missouri border
(Widmann 1907). He also reported breeding Black-
billed Cuckoos (Coccyzus erythropthalmus), Red-
cockaded Woodpeckers (Picoides borealis), and
Scarlet Tanagers (Piranga olivacea) in 1888 from what
is Heber Springs today (Widmann 1907). By late June
and early July, he was in northeastern Texas, west of
Texarkana. (Bendire [1892] referred to information on
Mississippi Kites [Ictinia mississippiensis] from “Mr.
B. G. Gault," by which we assume he meant B.T.
Gault.) By June of 1889, Gault was back in Illinois
(Gault 1889). Gault and Widmann corresponded often
(e.g., Gault 1896) and Gault made collecting trips to
Missouri in 1892 and 1894 (Widmann 1907). Given
his reputation among peers and his career as a field
ornithologist, we find no reason to question his report
of nesting Peregrine Falcons in the 1880s in Arkansas.
Although much of the Little Red River was flooded by
the construction of the Greer’s Ferry Reservoir in 1962,
large sandstone cliffs still exist there (e.g. on Sugarloaf
Mountain), which are very typical of classic peregrine
nesting sites.
The same cannot be said for heretofore unknown
clutches of Peregrine Falcon eggs reportedly collected
in Arkansas by E. F. Pope in the early 1920s. In his
examination of all egg collections for Peregrine Falcon
clutches, Lloyd Kiff (personal communication)
discovered two clutches reportedly from Arkansas.
The first is set no. 14,946 in the Field Museum of
Natural History (Chicago): A set of 4 fresh eggs
collected by E. F. Pope at “Newton, Arkansas,” on 8
May 1922 from a nest in Hemmed-In Hollow. Pope
stated that the nest was on a ledge 12.1 m down from
the top of an 85 m cliff and that the adults were “noisy
and solicitous.” He continued “Believe this to be a
record for these eggs for Arkansas.” The Field
Museum acquired these eggs in 1941 as part of the
Knickerbocker egg collection (David Willard, personal
communication). The second is set no. 20,001 in the
San Bernardino County Museum (California), which is
another set of 4 fresh eggs collected by E. F. Pope from
Newton County, Arkansas, this time on 2 May 1923,
again from a nest described as from “Hemmed-In
Hollow.” The description of the nest site is the same as
in 1922.
E. F. Pope (1870-1952) collected eggs from the
mid-1880s through the late 1920s and specialized on
raptors, as their nests were difficult to find and access
and thus their eggs fetched more money (Casto 2008).
Starting in 1922, he was employed by the United States
Biological Survey in the Predatory Animal Control
Division in Albuquerque, New Mexico (Hawthorne et
D.A. James, K.G. Smith, J.C. Neal, W.M. Shepherd and C. Mills
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al. 1999). His territory included Arkansas and
Oklahoma, but he apparently did not have much time
for collecting eggs. Casto (2008) reported that the
peregrine clutch from Arkansas in 1922 was the only
clutch that Pope collected that year, that he did not
collect any clutches in 1923, and all future clutches
collected by Pope were from New Mexico. Pope
stopped collecting in 1929. The 2 peregrine clutches
apparently were the only eggs ever reported by Pope
from Arkansas.
Hemmed-In Hollow is one of the highest waterfalls
between the Rockies and the Appalachians, with cliffs
over 60 m tall. It probably would have been suitable
nesting habit for peregrines. However, it was quite
remote in the early 1920s, in an area inhabited by only
a small isolated community that had little contact with
the outside world (Blevins 2002:119-121). How Pope
would have discovered peregrines nesting in Hemmed-
In Hollow remains a mystery, but the existence of
Hemmed-In Hollow (or Hemmed-In Holler) was made
popular by writers who “discovered” the Ozarks after
World War I (Blevins 2002:119).
We suggest that it is inconceivable that Wheeler
(1924) and Baerg (1931) were unaware of Pope’s
records or his collecting activities in the state. Wheeler
was a premier egg collector and was actively trying to
collect new nesting species for the state in the early
1920s (e.g., Wheeler 1922). There are also 4 clutches
of hawk eggs collected by Pope in Texas between 1912
and 1918 in Wheeler’s egg collection at the University
of Arkansas Museum. They both served on A
Committee of Twenty-five Prominent American
Oologists (1922), which set standard prices for bird
eggs in 1922, from 1919 to 1921. Wheeler was
secretary of the Committee, so the two were acquainted
and in contact with each other prior to 1922. Wheeler
(1924) mentioned the Peregrine Falcon in his book to
“provoke inquiry as to its occurrence in recent years,”
but he believed the species to be “extinct”
(=extirpated) in the state.
Equally suspicious is Pope’s remarks on the egg
record card from 1923: “Remains of Least Bitterns,
robins, jays and other birds about the nest.” Least
Bitterns (Ixobrychus exilis) nest locally in the Arkansas
River Valley in Arkansas and have never been
recorded from Newton County (James and Neal 1986).
Several of Pope’s other localities and species
identifications have been questioned (reviewed in
Casto 2008), leading Kiff (personal communication) to
believe that Pope occasionally was an “egg faker”
misrepresenting the actual locality of a clutch. The
facts suggest that Pope was collecting eggs in New
Mexico in the 1920s and that Wheeler and Baerg knew
nothing of his work in Arkansas. We believe that it was
unlikely that Pope actually collected 2 clutches of
Peregrine Falcon eggs in Arkansas respectively in 1922
and 1923.
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New County Distribution Record for the Seminole Bat in Arkansas
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Arkansas is home to sixteen species of bats
(Chiroptera) (Sealander and Heidt 1990) including
three federally endangered species. An additional four
species are listed in the Arkansas Wildlife Action Plan
(Anderson 2006) as species of greatest conservation
need: Rafinesque’s big-eared bat (Corynorhinus
rafinesquii), Small-footed bat (Myotis leibii),
Southeastern bat (Myotis austroriparius), and
Seminole bat (Lasiurus seminolis). The Seminole bat
has a global rank of secure; however in Arkansas it is
ranked S3-rare to uncommon. We captured an adult
female Seminole bat during the fall of 2008 in a
bottomland hardwood forest in Poinsett County, AR.
The Seminole bat has previously been reported
from southern and western Arkansas (Sealander and
Hoiberg 1954, Saugey et al. 1989, Heath et al. 1983,
Steward et al. 1986, Wilhide et al. 1998, Tumlison et al.
2002, Perry and Thill 2007). However there is little
information on the presence of this species in the
Arkansas delta (Fokidis et al. 2005, Sasse and Saugey
2008). On 17 September 2008 an adult female
Seminole bat was captured in the Earl Buss/Bayou De
View Wildlife Management Area (WMA). This area
contains 1721.5 ha of primarily bottomland hardwood
forest. The capture location was 2.9 km west of
Weiner, Poinsett County at N35°37’22.3”
W90°56’35.7”. The bat was captured using a mist net
placed over an access road and was released at the site
of capture after data collection. The bat was non-
reproductive thus it is not known if this species is
utilizing the area for maternity roosting. Previous
research conducted at this study site (Fokidis et al.
2005; Medlin and Risch 2008) did not reveal this
species. However a single non-reproductive female
Seminole bat was captured in Wapanocca National
Wildlife Refuge located in Crittenden County, AR and
a single non-reproductive female at Holland Bottoms
WMA located in Lonoke County, AR (Fokidis et al.
2005). This species has also been documented in
Woodruff County, however no specific details about
the capture were reported (Sasse and Saugey 2008).
These capture locations, like Earl Buss/Bayou De
View WMA, contain areas of large bottomland
hardwood forest.
Proper management of this infrequently
encountered Arkansas species will require additional
data, distribution and habitat affiliations, to determine
appropriate conservation actions. Although the
Seminole bat is not encountered often in the Arkansas
delta, the recent captures suggest that this species may
be utilizing this habitat more extensively than
previously suspected. Additional research on the
Seminole bat in the Arkansas delta is needed to
determine the overall importance of this ecoregion to
Seminole bat.
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The genus Notropis Rafinesque currently includes
86 valid species of minnows and shiners distributed
throughout North America and Mexico (Nelson et al.
2004). In Arkansas, 25 species of Notropis or about
29% of the state fish fauna is represented by this genus
alone.
It has been more than two decades since Robison
and Buchanan (1988) provided a summation on the
geographic distribution of the fishes of Arkansas.
Recently, we reported new geographic records for the
Taillight Shiner, Notropis maculatus and Weed Shiner,
Notropis texanus (McAllister et al. 2009a) and Pallid
Shiner, Notropis amnis (McAllister et al. 2009b) from
the state to help supplement previously published
historical data on this genus. In addition, large rivers
in Arkansas have been relatively under sampled and
continual human-induced changes in these systems are
a cause for concern for native fish fauna. The purpose
of this study is to report significant new distribution
records for three species of Notropis from several large
rivers of the state.
As part of a more intensive three-year fish faunal
survey of eight large rivers of Arkansas, various
cyprinids were collected between 2006 and 2008 from
regions of the lower Arkansas, Black, Little,
Mississippi, Ouachita, Red, St. Francis and White
rivers. A variety of gear types were used to survey
sites. Mini-fyke nets (approximately 1.2 m wide x 0.8
m tall) were used along shorelines in a variety of
habitats and conventional seining (1.8 m x 12.2 m, 6.4
mm mesh) was used to sample areas that were
relatively free of debris. Small trawls similar to that
described by Herzog et al. (2005) were used to sample
open water habitats, whenever possible. Six trawl
hauls/reach was set as a goal; however, in year three
this was increased to a minimum of eight. In cases
where seining was impossible, the number of trawl
hauls was increased. A goal of obtaining 10 seine hauls
in a river reach was set, usually by conducting seine
hauls in pairs. Trawls were done in a manner to get
reasonably close to shorelines and also an attempt was
made in the same area to trawl farther out into the
stream. In a few instances, trawl hauls were virtually
impossible due to debris (tree limbs).
At each locale, depth, substrate, water temperature,
turbidity (using a Secchi disk), GPS coordinates, and
habitat descriptions were recorded. Additional notes
were taken if sampling was on an inside or outside
river bend. Substrates were examined either directly or
in combination by dragging a chain from a boat and
observing vibration in deeper waters.
Fish total lengths (TL) were recorded and voucher
specimens retained for identification in the laboratory.
Specimens were fixed in 10% formalin and later
transferred to 45% isopropanol. Vouchers were
deposited in the fish collection at the University of
Arkansas-Fort Smith (UA-FS).
Three species of Notropis taken from the lower
Arkansas, Black, Mississippi, and White rivers warrant
documentation as new distributional records. None of
the numerous species of shiners or minnows we
collected from the Little, Ouachita, Red or St. Francis
rivers were noteworthy.
Material examined.—The following is a listing of
collection localities for three species of Notropis
collected in Arkansas rivers. Detailed data provided on
the new sites include county, specific locality (latitude
and longitude), date, number of specimens,
measurements, water temperature, turbidity, and
comments.
CYPRINIDAE
Notropis buchanani Meek (Ghost Shiner).
LAWRENCE CO.: Black River, above and below
Coffey Access Reach at Shirley Bay-Rainey Break
Wildlife Management Area (35.96818°N, 91.19297°W
and 35.97266°N, 91.17883°W). A single specimen
each (37 and 45 mm TL) was collected on 13 June
2006 by mini-fyke net (0.9 m depth) and on 14 June
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2006 via trawl (3.0 m depth). Water temperature was
26.1°C and turbidity 0.370 m. MONROE CO.: White
River, below Clarendon (34.66106°N, 91.31513°W).
Three specimens (33-56 mm TL) were collected
between 4-6 January 2006 by mini-fyke net (0.5 m
depth) set on a sloping sandbar. Water temperature
was 6.7°C and turbidity 0.320 m. This former site
represents the northernmost locality for N. buchanani
in the state and the first time this shiner has been
reported from the Black River. In addition, the latter
record is the first for the middle portion of the White
River since an earlier pre-1960 record (Robison and
Buchanan 1988). Additional records include those for
the Arkansas River Valley and lower White River
(Robison and Buchanan 1988). Notropis buchanani is
ranked by the Nature Conservancy as imperiled (S2) or
vulnerable (S3) in the state (NatureServe, 2009).
Notropis texanus (Girard) (Weed Shiner).
DESHA CO.: Arkansas River, Pool 2, Lower
Arkansas River reach below Lock 2 (Wilbur D. Mills
Dam) and confluence of Mississippi River
(33.95988°N, 91.16808°W and 33.93856°N,
91.15805°W). Six N. texanus (47-62 mm TL) were
collected between 13-16 June 2006 by mini-fyke net
(1.2 m depth) and seines (0.9 m depth). Water
temperature was 22.2°C and turbidity 0.661 m. In the
lowlands, this shiner is sporadic in occurrence and
seldom abundant. McAllister et al. (2009a) recently
documented records for N. texanus from extreme south
Arkansas. We report N. texanus from the lower
Arkansas River for the first time. There is a single
previous record upstream for this river as well as a
disjunct population in Perry and Yell counties at Lake
Nimrod, part of the Fourche LaFave watershed
(Robison and Buchanan 1988). Notropis texanus is
considered by the Nature Conservancy as S3 in the
state (NatureServe 2009).
Notropis wickliffi Trautman (Channel Shiner).
Several new records are documented (see Table 1). A
total of 211 Channel shiners were collected over
sloping sandbars, open water, and backwater by seine,
mini-fyke nets, and trawls from the lower Arkansas
Table 1. New records of Notropis wickliffi from the Arkansas and Mississippi rivers.
___________________________________________________________________________________________________________________________________
County River Locality Date(s) Number Water temp (°C) Turbidity (m) TL (mm)
___________________________________________________________________________________________________________________________________
Desha1 AR lower reach, below Pool 2 13-15 April 2008 2 22.2 0.661 38, 40
Desha2 MS Arkansas City, lower MS River reach 8-10 August 2006 2 27.8 0.392, 0.550 28, 43
Desha3 MS Choctaw Island reach 21-23 July 2006 1 31.1 0.492 40
Mississippi4 MS Osceola reach 12-14 January 2006 23 5.6 0.270 29-47
9 January 2007 1 29.4 0.220 56
Phillips5 MS between Helena/St. Francis confluence 29 July-1 August 2006 1 30.6 0.514 37
Phillips6 MS below Helena/downstream reach 27-29 July 2007 13 27.2-28.9 0.490 45-61
Phillips7 MS below Helena/upstream reach 29-31 July 2007 168 27.2-28.9 0.490 27-50
___________________________________________________________________________________________________________________________________
133.96304°N, 91.26331°W (seine); 33.97642°N, 91.28661°W (fyke net).
233.58993°N, 91.16612°W (seine); 33.63810°N, 91.16412°W (fyke net).
333.61039°N, 91.16742°W (fyke net).
435.67652°N, 89.94658°W (fyke net); 35.67788°N, 89.94714°W (fyke net); 35.67846°N, 89.94746°W (fyke net); 35.67990°N, 89.94871°W (fyke net);
35.69621°N, 89.95736°W (fyke net); 35.69788°N, 89.95720°W (fyke net); 35.62109°N, 89.88655°W (seine).
534.52980°N, 90.57428°W (trawl).
634.40248°N, 90.60087°W (fyke net); 34.40510°N, 90.59567°W (trawl); 34.40498°N, 90.59534°W (trawl); 34.40496°N, 90.59505°W (trawl).
734.41278°N, 90.58909°W (fyke net); 34.41301°N, 90.58908°W (fyke net); 34.41268°N, 90.58919°W (fyke net); 34.41240°N, 90.58927°W (fyke net);
34.41115°N, 90.59026°W (fyke net); 34.41706°N, 90.58787°W (trawl); 34.41669°N, 90.58871°W (trawl); 34.41719°N, 90.58631°W (trawl);
34.41215°N, 90.58872°W (trawl); 34.41227°N, 90.58845°W (trawl).
and Mississippi rivers (Table 1). The most remarkable
single collection was 146 N. wickliffi taken with five
mini-fyke nets off sloping sandbars composed of sand
and/or gravel substrate in the Mississippi River below
Helena whereas 22 Channel Shiners were taken by
trawl at this location. Interestingly, no additional N.
wickliffi were taken in any of the other six rivers
sampled, although Mimic Shiners, N. volucellus (Cope)
were taken at three sites in the Black River (Lawrence,
Independence, and Randolph counties) where they
appear to be common (Robison and Buchanan 1988,
1994). The Channel Shiner was long regarded as a
subspecies of N. volucellus. However, it is now
considered to be a distinct species (Nelson et al. 2004).
Moreover, its overall distribution is poorly understood,
due to confusion of this species with N. volucellus
(Etnier and Starnes 1993). Previous records of N.
wickliffi in Arkansas include three sites in the western
mainstem side of the Mississippi River (Chicot and
Mississippi counties), several sites in the Current River
(Randolph County), and a site in the White River
(Independence County) (Robison and Buchanan 1994).
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In addition, Etnier and Starnes (1993) report records
for N. wickliffi at three sites on the Tennessee (eastern)
side of the mainstem Mississippi River. However,
additional study is suggested to help unravel the
complete distribution of N. wickliffi and N. volucellus
in the state.
In summary, we document five new county records
for the three species of cyprinids collected. Most
importantly, we include new distributional records and
extensions of the known geographic ranges for these
shiners to be included in the second edition of Fishes
of Arkansas.
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Recently, high fuel prices along with
environmental and national security concerns have
generated considerable interest in green, renewable,
domestic sources of fuel. These environmental
concerns over the use of fossil fuels, security concerns
due to the dependence on foreign oil, and the growing
public preference for a cleaner environment are
stimulating the demand for renewable energy sources
such as woody and non-woody biomass. As a result,
efforts to increase the use of biomass as a fuel source
are increasing.
In Arkansas, the Potlatch Corporation, a forest
products industry based in Lewiston, Idaho, had in the
recent past explored the possibility of establishing a
fully integrated biorefinery in its Cypress Bend facility.
This proposed refinery would have primarily utilized
logging residues along with some agricultural residues
and dedicated energy crops. This study investigates the
economic impacts of such a biorefinery, and other
future biorefineries, on the state’s economy.
Input-output economics is a method for examining
the flow of goods and services among the different
sectors of an economy and thereby analyzing the
interdependence of these sectors and associated
impacts (Phillips 1955). In 1758, Francois Quesnay
published his Tableau Economique, which stressed the
interdependence of economic activities (Phillips 1955).
Quesnay’s idea of interdependence is widely seen as
the precursor to the input-output model developed by
Leontief almost two centuries later (Leontief 1947).
As mentioned earlier, input-output analysis is a
method of systematically quantifying the
interrelationships among the various sectors of a
complex economic system (Leontief 1986). This
analysis is based on a table that shows the flow of
goods and services within an economy. The basic
input-output model can be expressed as follows
(Pleeter 1980).
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Where,
Xij = Sales of industry i to industry j
Yik = Sales of industry i to final demand sector k
ei = Export sales of industry i
Xi = Total sales of industry i
s = number of industries
t = number of final demand sectors.
Since the production functions are assumed to be
linear, each input must be purchased in fixed
proportions in order to produce a unit of output. This
implies that the production functions have fixed
coefficients (Pleeter 1980). These coefficients, often
known as technical coefficients, represent the amount
of input required from each industry to produce a
dollar’s worth of output from a specific industry
(Miernyk 1965). Depending on the nature of the
interindustry flow of goods and services, these
coefficients may be used to estimate the direct, indirect,
or induced impacts of a positive and negative shock to
the economy.
The economic simulation program IMPLAN, short
for Impact Analysis for Planning, was used in this
study. IMPLAN models economic activity through a
509-sector transaction matrix based on the Bureau of
Economic Analysis’ National Input-Output table (U.S.
Department of Commerce, 1984). Social accounts
matrix (SAM) multipliers were used for all households
in the model construct.
The growth in economic activity was determined
for various sectors related to the operation of the
proposed biorefinery. These operations included the
collection of in-forest residues (IFR), collection of
agricultural residues, harvesting of dedicated energy
crops, transportation of biomass to the biorefinery, and
the processing of the biocrude output. This growth
was modeled in IMPLAN and the resulting growth in
value-added products (similar to gross state product),
employment, and employee wages was determined by
industry sectors in the state. The industry aggregation
followed that used by Munn and Tilley (2005). Once
these changes for different sectors were entered into
the IMPLAN model, economic simulations were run in
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order to estimate their direct, indirect, and induced
impacts.
The direct economic impacts modeled in IMPLAN
for the biorefinery are summarized in Table 1. Various
operations associated with the biorefinery would
require a total of 177 jobs. These 177 direct jobs will
contribute to the creation of 480 new jobs state-wide
(Table 2). Employee compensation will increase by
more then $15 million dollars and the growth in the
state’s GSP will be nearly $30 million.
The compensation for jobs directly created are
likely to have an average wage of nearly $39,000, and
the overall average wage for the 480 jobs created
throughout the Delta region will be almost $32,000
annually. According to the Arkansas Employment
Security Division’s 2004 Covered Wages Report
(2006), the average annual wages in the Arkansas
Delta were $24,827 for all sectors.
These economic impacts will be realized in a wide
variety of sectors within the economy. The principal
impacts of the proposed biorefinery will be in truck
transportation, logging, organic chemical
manufacturing, agriculture and forestry support
activities, wholesale trade, and food services sectors.
The statewide production of IFR would support 15
biorefineries using 900 dry tons per day of IFR and the
corresponding 600 dry tons per day of biomass from
other feed stocks. The IMPLAN impacts were simply
expanded by a factor of 15 to estimate the potential
economic impact from integrated biorefineries across
the state. The limit on the number of biorefineries is
based entirely on the sustainable quantity of IFR and
harvest of non-growing stock trees. Additional
biorefineries could be supported entirely from
dedicated energy crops, agricultural residues, urban
woody debris, and other organic biomass sources.
In addition, to the Cypress Bend paper mill, there
are four other paper mills in Arkansas, as well as other
facilities producing lumber, plywood, or oriented
strand board (OSB) that are large enough to support a
biorefinery. Across Arkansas, there are 40 wood using
manufacturing sites that require more than 150,000
tons per year of wood fiber (Arkansas Forestry
Commission, 2002). These manufacturing facilities
would be able to utilize the waste heat from the
biorefinery and achieve similar energy production
efficiencies and economies of scale as well as having
the ability to process large volumes of biomass.
Table 3 shows the direct, indirect, and induced
(household) impacts for employment, employee
compensation, and value-added products (gross state
product) for 15 biorefineries in the state of Arkansas.
The growth in GSP is nearly 450 million dollars
annually, and employment increases by more than
7000 jobs statewide. Wage structure is identical to the
single biorefinery case.
The results from the simulation analysis show that
the planned Cypress Bend biorefinery is likely to have
significant impacts on the state’s economy. Analysis of
the available feedstock shows that Arkansas has great
potential for developing a bioenergy sector. An
additional 14 biorefineries of similar capacity could
potentially be supported in the state. Development of
such biorefineries would redefine the state’s forest
products industry as not only the producer of wood and
paper products, but also a supplier of energy. Such a
transition nationwide would not only reduce energy
costs for the forest products industries, but also would
be a major step toward reducing the nation’s
dependence on imported fuel. In addition, replacement
of fossil fuels by renewable sources of energy is widely
accepted as the best approach to combat global climate
change. The proposed biorefinery is a major step in
achieving that goal through production of fuels from a
renewable and sustainably managed natural resource.
Table 1. Estimated direct employment impacts of the proposed biorefinery in Cypress Bend.
IMPLAN Sector Sector Name Employment increases
10 Other crop farming 5
14 Logging 48
142 Petroleum refineries 12
151 Other basic organic chemical processing 25
394 Truck transportation 87
Total 177
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Table 2. Direct, indirect, induced, and total effects of the proposed biorefinery in Cypress Bend.
Direct Indirect Induced Total
Employment 177 170.3 132.2 479.5
Employee Compensation $6,871,901 $5,438,744 $3,008,236 $15,318,911
Value-added $13,441,586 10,107,890 $6,347,274 $29,896,750
Table 3. Direct, indirect, induced, and total effects of 15 biorefineries of similar capacity in Arkansas.
Direct Indirect Induced Total
Employment 2655 2554.3 1982.8 7192.2
Employee Compensation $103,078,510 $81,581,612 $43,123,543 $229,793,664
Value-added $201,623,787 $151,618,347 $95,209,117 $448,451,257
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During a Center for Backyard Astrophysics (CBA)
photometric campaign on cataclysmic variable VZ Sex,
one of the field stars was serendipitously discovered to
be a variable by the author. A finding chart for the
new variable is shown in Figure 1, the new variable
noted as “var.” The coordinates of the object are
(J2000) 09o45’03.75” +04o01’29.4” found by utilizing
ALADIN (Bonnarel et al. 2000).
Figure 1: Finding chart for new variable. North is up, East is to the
left, with a FOV ~20x20 arcminutes. The new variable “var” and
the comparison stars used (comp, chk1, chk2) for photometry are
labeled in addition to the other variables in the field (VV and VZ
Sex).
The field near VZ Sex was observed on 12 nights
during 2008 January with an 0.30-m Schmidt-
Cassegrain telescope. A total of 5,919 images were
collected, unfiltered, with a thermoelectrically cooled
SBIG ST-9 CCD camera and had exposure times of 30-
60 seconds. All of the CCD images were processed
using Cmuniwin (http://c-munipack.sourceforge.net/).
This PC-based software with a graphical user interface
was converted from individual algorithms originally
developed by Filip Hroch (1998). In short, the images
are 1) converted to FITS format if necessary, 2) flat-
fielded and dark subtracted if desired, 3) processed to
find stellar targets and photometrically measured
utilizing the methods of DAOPHOT (Stetson 1987), 4)
target lists are pattern matched to identify stars in each
image via the algorithm of Groth (1986), and 5)
variable, comparison and check stars selected to
generate differential photometry and light curves.
Additionally, the inhomogeneous ensemble photometry
method (Honeycutt 1992) used in the analysis of the
data with Cmuniwin can yield the light curve for every
star in the field of interest and help find variable stars.
The variability of this star was revealed by the large
0.26 sigma uncertainty in its instrumental ensemble
magnitude (mag) compared to other field stars
averaging 0.05 mag at the same brightness. The
uncertainty in the differential magnitude photometry
was estimated by comparing the non-variable
comparison and check stars that averaged 0.017 mag,
see (C-K) on figures 2 and 4. Observations on two of
these nights are shown as differential light curves in
Figure 2 and show a close eclipsing binary star with
primary and secondary eclipses.
A period search of the data using the phase-
dispersion minimization (PDM) method of
Stellingwerf (1978) is shown in Figure 3. A total of
5000 individual frequencies were tested in the interval
from 0.2 to 0.6 days. The strongest peak is flanked by
spurious peaks. These represent aliases of the true
period (P) due to observation time sampling inherent in
the data. Corresponding spurious periods () can be
identified as described by Lafler & Kinman (1965),
1/ = 1/P ± n
for simple values of n. Some of these aliases are
indicated as n in Figure 3. Power spectra methods as
described by Horne and Baliunas (1986) and
Schwarzenberg-Czerny (1996) were also utilized to
verify the orbital period obtained via PDM.
The methods were also tested on several light
curve data sets that were constructed such that the time
of true observations was preserved, but the observed
magnitudes were randomly shuffled and assigned to
these observation times. This has the effect of
evaluating the “windowing” function for the period
searches, discriminating against periods inherent in the
time sampling of the data and further checking the
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validity of the power found in the strongest signal.
These search results revealed a period of 0.27337 days.
Figure 2: Light curves of the new variable star on two nights during
2008 January. Variable minus Comparison (V-C) star differential
magnitudes are in the upper panels, Comparison minus Check (C-
K) non-variable stars plus an arbitrary 3 magnitude offset in the
lower panels.
Figure 3: Phase dispersion minimization showing the orbital period
and aliases.
Times of minima were measured from the light
curve for both primary and secondary eclipses utilizing
the method of Kwee and van Woerden (1956) and
listed in Table 1. These values were then used in an
analysis of the observed versus predicted eclipse times
from a simple linear ephemeris T=T0+PxN with a
period (P) of 0.27337 days, where T0 is the time of
primary mid-eclipse and N is the integer orbital cycle
count.
The orbital light curve of the system is shown in
Figure 4 using the adopted linear ephemeris found
from the O-C analysis for primary eclipse minimum
light,
Minimum=2454467.875367(3) + 0.273378(9) × N.
Table 1: Eclipse times for primary and secondary minima.
Eclipse Times Cycle
2454467.875523 0.0
2454468.970523 4.0
2454474.982974 26.0
2454475.803898 29.0
2454477.990228 37.0
2454478.810321 40.0
2454479.904548 44.0
2454480.997827 48.0
2454481.817233 51.0
2454483.731170 58.0
2454484.004438 59.0
2454486.738720 69.0
2454468.830931 3.5
2454474.846434 25.5
2454477.853875 36.5
2454478.947156 40.5
2454479.767204 43.5
2454480.859942 47.5
2454483.867169 58.5
2454485.780074 65.5
2454486.878207 69.5
As can be seen in comparing Figures 2 and 4,
significant scatter is introduced when overlaying
multiple orbits in the phased light curve. In Figure 2,
the single nights reveal slightly shallower minima at
secondary eclipse than at primary eclipse.
Additionally, the irregular shape of the light curve at
maximum light and their slightly unequal maxima is a
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classic indicator of magnetic activity (star spots) on
one or both of the stars.
Figure 4: Phased orbital light curve of the new variable.
Because of the continuous change in brightness
over the orbital cycle and the short orbital period, the
stars are very close together in this system. Therefore
it is expected that they are in a circular orbit and
synchronously rotating, which is supported by the light
curve morphology. This proximity will tend to make
the stars tidally distorted and create such an observed
light curve.
It is likely that tidally enforced synchronous
rotation of the stars in this system helps enhance their
magnetic activity level as they are spun up by their
orbit, compared to single stars. Rotation, especially
rapid rotation, is a prerequisite for the creation of
strong magnetic phenomena seen in stars through an
internal dynamo. For a recent review see Donati
(2004).
Collection of multicolor light curve and subsequent
binary modeling will help establish parameters such as
the stellar spectral types, temperatures and sizes of the
two stars in this newly discovered close binary system.
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The JOURNAL OF THE ARKANSAS ACADEMY
OF SCIENCE is published annually. It is the policy of
the Arkansas Academy of Science that 1) at least one
of the authors of a paper submitted for publication in
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Academy of Science, 2) only papers presented at the
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the Managing Editor. Publication charges ($50 per
page) are payable when the corresponding author
returns their response to the reviewers’ comments, and
should be sent to the Editor-in-Chief, Dr. Mostafa
Hemmati (mhemmati@atu.edu). Please note that the
corresponding author will be responsible for the total
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for the entire remittance by the set deadline. The check
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assigned prior to return of reviews). All manuscript
processing, review and correspondence will be carried
out electronically using e-mail. Thus, authors are
requested to add the editors’ e-mail addresses to their
accepted senders’ list to ensure that they receive all
correspondence.
Original manuscripts should be submitted either as
a feature article or a shorter general note. Original
manuscripts should contain results of original research,
embody sound principles of scientific investigation,
and present data in a concise yet clear manner. The
JOURNAL is willing to consider review articles.
These should be authoritative descriptions of any
subject within the scope of the Academy. Authors of
reviews must refrain from inclusion of previous text
and figures from previous reviews or manuscripts that
may constitute a breach in copyright of the source
journal. Reviews should include enough information
from more up-to-date references to show advancement
of the subject, relative to previously published reviews.
Corresponding authors should identify into which
classification their manuscript will fall.
For scientific style and format, the CBE Manual
for Authors, Editors, and Publishers Sixth Edition,
published by the Style Manual Committee, Council of
Biology Editors, is a convenient and widely consulted
guide for scientific writers and will be the authority for
most style, format, and grammar decisions. Authors
should use the active voice for directness and clarity.
Special attention should be given to grammar,
consistency in tense, unambiguous reference of
pronouns, and logically placed modifiers. All
prospective authors are strongly encouraged to submit
their manuscripts to other qualified persons for a
friendly review of clarity, brevity, grammar, and
typographical errors before submitting the manuscript
to the JOURNAL. To expedite review, authors should
provide the names and current e-mail address of at
least three reviewers within the appropriate field, with
whom they have not had a collaboration in the past two
years. Potential reviewers that the authors wish to
avoid due to other conflicts of interest can also be
provided.
Proposed timetable for manuscript processing
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manuscript to Managing Editor.
AAS annual meeting: authors submit electronic (on
CD) and hard copy to editorial staff at the meeting.
End of May: Initial editorial review. Manuscripts sent
to reviewers.
End of July: All reviews received. Editorial decision
made on reviewed manuscripts. Manuscripts
returned to authors for response to reviewers’
critiques.
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days after editorial decision/reviewers critiques
were e-mailed. Corresponding author submits
publication charges.
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The prompt return of revised manuscripts and
payment of publication costs is critical for processing
of the journal by the journal staff. If the corresponding
author will be unable to attend to the manuscript within
the framework of this schedule, then it is the
responsibility of the corresponding author to make
arrangements with a coauthor to handle the manuscript.
NB. The corresponding author will be responsible for
submitting the total publication cost of the paper.
Failure to pay the publication charges in a timely
manner will prevent processing of the manuscript.
Preparation of the Manuscript
1. Use Microsoft Word 2003 or higher for preparation
of the document and the file should be saved as a
Word Document.
2. The text should be prepared in two columns and the
distance between columns should be 0.5.
3. Indent paragraphs and subheadings 0.25
4. Use 11 point font in Times New Roman for text.
Fonts for the rest of the manuscript must be
a) Title: 14 point, bold, centered
b) Authors’ names: 12 point, normal, centered
c) Authors’ addresses: 10 point, italic, centered
d) Main text: 11 point, justified left and right
e) Figure captions: 9 point, normal
f) Section headings: 11 point, bold, flush left on a
separate line
g) Subheadings: 11 point, bold, italic and flush left
on a separate line
5. Top and Bottom margins should be set at 0.9; Left
and Right margins, 0.6.
6. Set words in italics that are to be printed in italics
(e.g., scientific names).
7. Indicate on the title page which author is the
corresponding author and indicate that author’s
email address, phone number, and fax number.
8. An abstract summarizing in concrete terms the
methods, findings, and implications discussed in
the body of the paper must accompany a feature
article. That abstract should be completely self-
explanatory. A short summary abstract should also
be included for any review article.
9. A feature article is 2 or more pages in length.
10. Most feature articles should include the following
sections: Abstract, Introduction, Materials and
Methods, Results, Discussion, Conclusions,
Acknowledgments, and Literature Cited.
11. A general note is generally shorter, usually 1 to 2
pages and rarely utilizes subheadings. A note
should have the title at the top of the first page
with the body of the paper following. Abstracts
are not used for general notes.
12. A review article should contain a short abstract
followed by the body of the paper. The article may
be divided into sections if appropriate, and a final
summary or concluding paragraph should be
included.
13. The metric System of measurements and weights
must be employed. Grams and Kilograms are
units of mass not weight. Standard distance
measurements are permitted in parentheses.
14. In scientific text, Arabic numerals should be used
in preference to words when the number designates
anything that can be counted or measured: 3
hypotheses, 7 samples, 20 milligrams. However,
numerals are not used to begin a sentence; spell out
the number, reword the sentence, or join it to a
previous sentence. Also, 2 numeric expressions
should not be placed next to each other in a
sentence. The pronoun “one” is always spelled out.
15. Tables and figures (Line drawings, graphs, or
black and white photographs) should not repeat
data contained in the text. Tables, figures, graphs,
pictures, etc. have to be inserted inside the
manuscript. Tables and figures must be numbered
and have short captions. A caption should be
written under each figure and above each table.
Allow two spaces above and below figures/tables
For tables, insert a solid 1.5 pt line below the
caption and at the bottom of table. Within tables
place a 0.75pt line under table headings or other
divisions. Figure 1 shows an example for the
format of a figure inserted inside the manuscript.
In the event that a table, a figure, or a
photograph requires larger space than a two
column format will provide, the two column
format should be ended and the illustration should
be placed immediately after that. The two column
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16. Equation numbers must be in parentheses and
placed flush with right-hand margin of the column.
17. Cataloguing and deposition of biological specimens
into collections is expected. Publication of
manuscripts will be contingent on a declaration
that database accession numbers and/or voucher
specimens will be made available to interested
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number for each specimen should be stated in the
Results section. The location of the collection
should be stated in the Methods section. This will
facilitate easy access should another researcher
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18. Literature Cited: Authors should use the Name –
Year format as illustrated in The CBE Manual for
Authors, Editors, and Publishers and as shown
below. The JOURNAL will deviate from the form
given in the CBE Manual only in regard to
placement of authors’ initials and abbreviation of
journal titles. Initials for second and following
authors will continue to be placed before the
author’s surname. Journal titles should be
written in full. Formats for a journal article and a
book are shown below along with examples. Note
that authors’ names are in bold, double spacing
occurs after periods. References should be single
line spaced, justified with second and following
lines indented 0.25 inch. Column break a
reference in Literature Cited that runs into the next
column so that the entire reference is together.
Insert a continuous Section break at the end of the
references.
Accuracy in referencing current literature is
paramount. Authors are encouraged to use a
reference databasing system such as Reference
Manager or Endnote to enhance accurate citation.
Do not cite abstracts and oral, unpublished
presentations. Unnecessary referencing of the
authors own work is discouraged; where possible
the most recent reference should be quoted and
appended with “and references therein”.
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Author(s). Year. Article Title. Journal title volume
number(issue number):inclusive pages.
Author(s) [or editor(s)]. Year. Title of Book. Place
of publication: publisher name. Number of pages.
Standard Journal Article
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In text Citation: (Davis 1993)
Steiner U, JE Klein and LJ Fletters. 1992.
Complete wetting from polymer mixtures. Science
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In text Citation: (Steiner et al. 1992)
Zheng YF and JYS Luh. 1989. Optimal load
distribution for two industrial robots handling a
single object. ASME Journal of Dynamic System,
Measurment, and Control 111:232-7.
In text Citation: (Zheng and Luh 1989)
In press articles
Author(s). Expected publication Year. Article Title.
Journal title in press.
In text Citation: (First author et al. in press)
Kulawiec M, A Safina, MM Desouki, IH Still, S-I
Matsui, A Bakin and KK Singh. 2008.
Tumorigenic transformation of human breast
epithelial cells induced by mitochondrial DNA
depletion. Cancer Biology & Therapy in press.
Electronic Journal Articles and Electronic Books
should be cited as standard journal articles and
books except add an availability statement and date
of accession following the page(s).
653 p. Available at: www.usfw.gov/ozarkstreams.
Accessed 2004 Nov 29.
Books, Pamphlets, and Brochures
Box GEP, WG Hunter and JS Hunter. 1978.
Statistics for experiments. New York: J Wiley.
653 p.
In text Citation: (Box et al. 1978)
Gilman AG, TW Rall, AS Nies and P Taylor,
editors. 1990. The pharmacological basis of
therapeutics. 8th ed. New York: Pergamon. 1811
p.
In text Citation: (Gilman et al. 1990)
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Engelberger JF. 1989. Robotics in Service.
Cambridge (MA): MIT Press. 65p.
In text Citation: (Engelberger 1989)
Book Chapter or Other Part with Separate Title
but Same Author(s) – General format is given
first.
Author(s) or editor(s). Year. Title of book. Place of
publication: publisher’s name. Kind of part and its
numeration, title of part; pages of part.
Hebel R and MW Stromberg. 1987. Anatomy of the
laboratory cat. Baltimore: Williams & Wilkins.
Part D, Nervous system; p 55-65.
Singleton S and BC Bennett. 1997. Handbook of
microbiology. 2nd ed. Emmaus (PA): Rodale.
Chapter 5, Engineering plasmids; p 285-96.
Book Chapter or Other Part with Different Authors
– General format is given first.
Author(s) of the part. Year. Title of the part. In
author(s) or editor(s) of the book. Title of the
book. Place of publication: publisher. Pages of
the part.
Weins JA. 1996. Wildlife in patchy environments:
Metapopulations, mosaics, and management. In:
McCullough DR, editor. Metapopulations and
wildlife conservation. Washington, DC: Island
Press. p 506.
Johnson RC and RL Smith. 1985. Evaluation of
techniques for assessment of mammal populations
in Wisconsin. In Scott Jr NJ, editor. Mammal
communities. 2nd ed. New York: Pergamon. p
122-30.
Dissertations and Theses – General format is given
first.
Author. Date of degree. Title [type of publication –
dissertation or thesis]. Place of institution: name
of institution granting the degree. Total number of
pages. Availability statement.
The availability statement includes information about
where the document can be found or borrowed if
the source is not the institution’s own library.
Stevens WB. 2004. An ecotoxilogical analysis of
stream water in Arkansas [dissertation]. State
University (AR): Arkansas State University. 159
p.
Millettt PC. 2003. Computer modeling of the
tornado-structure interaction: Investigation of
structural loading on a cubic building [MS thesis].
Fayetteville (AR): University of Arkansas. 176 p.
Available from: University of Arkansas
Microfilms, Little Rock, AR; AAD74-23.
Stevens WB. 2004. An ecotoxilogical analysis of
stream water in Arkansas [dissertation]. State
University (AR): Arkansas State University. 159
p.
Scientific and Technical Reports – General format is
given first.
Author(s) (Performing organization). Date of
publication. Title. Type report and dates of work.
Place of publication: publisher or sponsoring
organization. Report number. Contract number.
Total number of pages. Availability statement if
different from publisher or sponsoring
organization. (Availability statement may be an
internet address for government documents.)
Harris JL and ME Gordon (Department of Biological
Sciences, University of Mississippi, Oxford MS).
1988. Status survey of Lampsilis powelli (Lea,
1852). Final report 1 Aug 86 – 31 Dec 87.
Jackson (MS): US Fish and Wildlife Service,
Office of Endangered Species. Report nr USFW-
OES-88-0228. Contract nr USFW-86-0228. 44+
p.
US Geological Survey (USGS). 1979. Drainage
areas of streams in Arkansas in the Ouachita River
Basin. Open file report. Little Rock (AR): USGS.
87 p. <www.usgs.gov/ouachita> Accessed on 2
Dec 2005.
In text Citation: (USGS 1979)
Published Conference Proceedings – General format
is given first.
Author(s)/Editor(s). Date of publication. Title of
publication or conference. Name of conference (if
not given in the 2nd element); inclusive dates of the
conference; place of the conference. Place of
publication: publisher. Total number of pages.
Vivian VL, editor. 1995. Symposium on Nonhuman
Primate Models for AIDS; 1994 June 10-15; San
Diego, CA. Sacramento (CA): Grune & Stratton.
216 p.
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In-text Citation Form for Multiple Citations
(Harris and Gordon 1988, Steiner et al. 1992, Johnson
2006).
REVIEW PROCEDURE
Evaluation of a paper submitted to the JOURNAL
begins with critical reading by the Managing Editor.
The manuscript is then submitted to referees for critical
review for scientific content, originality and clarity of
presentation. To expedite review, authors should
provide the names and current e-mail address of at
least three reviewers within the appropriate field, with
whom they have not had a collaboration in the past two
years. Potential reviewers that the authors wish to
avoid due to other conflicts of interest can also be
provided. Attention to the preceeding paragraphs will
also facilitate the review process. Reviews will be
returned to the author together with a judgement
regarding the acceptability of the manuscript for
publication in the journal. The authors will be
requested to revise the manuscript where necessary.
Time limits for submission of the manuscript and
publication charges will be finalized in the
accompanying letter from the Managing Editor (see
“Proposed timetable for manuscript processing”). The
authors will then be asked to return the revised
manuscript, together with a cover letter detailing their
responses to the reviewers’ comments and changes
made as a result. The corresponding author will be
responsible for submitting the total publication cost of
the paper to the Editor-in-Chief, when the revised
manuscript is sent to the Managing Editor. Failure to
pay the publication charges in a timely manner will
prevent processing of the manuscript. If the time limits
are not met, the paper will be considered withdrawn by
the author. Please note that this revised manuscript will
be the manuscript that will enter into the bound
journal. Thus, authors should carefully read for errors
and omissions so ensure accurate publication. A page
charge will be billed to the author of errata. All final
decisions concerning acceptance or rejection of a
manuscript are made by the Managing Editor (Ivan H.
Still) and/or the Editor-in-Chief (Mostafa Hemmati).
Please note that all manuscript processing, review
and correspondence will be carried out electronically
using e-mail. Thus, authors are requested to add the e-
mail addresses of the editors (istill@atu.edu and
mhemmati@atu.edu) to their accepted senders’ list to
ensure that they receive all correspondence.
Reprint orders should be placed with the printer,
not the Managing Editor. Information will be supplied
nearer publication of the Journal issue. The authors
will be provided with an electronic copy of their
manuscript after the next annual meeting.
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Each issue of the JOURNAL is sent to several
abstracting and review services. The following is a
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Abstracts in Anthroplogy
Abstracts of North America Geology
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Recent Literature of the Journal of Mammalogy
Science Citation Index
Sport Fishery Abstracts
Zoological Record
Review Journal of the Commonwealth Agricultural
Bureau
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72801-2222 (e-mail: jrobertson@atu.edu).
Members receive 1 copy with their regular
membership of $30.00, sustaining membership of
$35.00, sponsoring membership of $45.00 or life
membership of $500.00. Life membership can be paid
in four installments of $125. Institutional members and
industrial members receive 2 copies with their
membership of $100.00. Library subscription rates for
2009 are $50.00. Copies of most back issues are
available. The Secretary should be contacted for prices.
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